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ABSTRACT 
Initial Assessment of the Department of Water Resources Urban 
Streams Restoration Program 
by 
Jason Maas-Baldwin 
Master of Science in Coastal and Watershed Science and Policy 
California State University Monterey Bay, 2008 
 
  
 
Millions of dollars have been spent on urban stream restoration projects. Relatively 
little monitoring has been conducted to help explain the varying nature of success and failure 
of these projects. The urban stream restoration effort will not advance without these data. 
Using a rapid assessment method based on uniform assessment protocols this study evaluated 
the multi-parameter success of 17 restoration projects funded by the California Department 
of Water Resources’ Urban Streams Restoration Program. The restoration projects generally 
improve stream condition compared with paired unrestored sites. The amount of 
improvement does not likely depend on either the project age or the cost of the project. In 
most cases bank stabilization efforts are effective. Structural and nonstructural restoration 
practices overwhelmingly serve their purpose.  A survey with project managers revealed that, 
in terms of flood control, most projects have reduced the incidence and magnitude of 
flooding. With regards to social success, the projects seem to be serving as a springboard for 
more restoration efforts and some projects increase stream stewardship in local communities. 
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PREFACE 
This report is a result of a master thesis project commissioned by the California 
Department of Water Resources’ (DWR) Urban Streams Restoration Program. To address 
the needs of multiple reading audiences, academic and agency, this academic report may 
differ in structure from the report that will ultimately be submitted to the DWR.  This report 
is organized into 3 primary sections: a background section culminating from an extensive 
literature review (Chapter 1), a stand-along publishable report (Chapter 2-7 plus references), 
and appendices containing additional background information along with raw data, site 
observation, and statistical computing code. Because of the nature of the organization of this 
report there are some necessary redundancies within the first two chapters of the report. 
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CHAPTER 1 
THE URBAN STREAM SYNDROME - A SCIENCE 
AND POLICY PERSPECITIVE  
A CONSEQUENCE OF IMPERVIOUS COVER 
Urbanization is the most rapidly increasing land use in the United States.  With more 
than 75% of the U.S. population living in urban areas (USCB 2002) the health of streams in 
these highly impervious watersheds is threatened.  Walsh et al. (2005) coined the term “urban 
stream syndrome” referring to the pervasive ecological degradation of streams draining urban 
areas.  The largest factor contributing to urban stream degradation is altered watershed 
hydrology, a consequence of impervious cover associated with urbanizing regions. 
The loss of pervious cover is the dominating factor behind changes in urban 
hydrology and channel morphology (Leopold 1968; Hollis 1975; Booth 1990).  The loss of 
pervious cover reduces the amount of precipitation that can infiltrate to groundwater and 
increases stormwater runoff.  The increase in stormwater runoff results in more frequent and 
higher magnitude (i.e. flashier) floods (Leopold 1968, Hollis 1975).  A 20-year study showed 
the number of flows exceeding channel capacity increased from two to ten per year in one 
urbanizing watershed (Leopold 1968).  Even modestly developed watersheds (10% to 20% 
impervious cover) experience a significant increase in frequency and magnitude of high 
flows (Booth 1990).   Rapid runoff prevents replenishment of aquifers that typically provide 
a source of baseflow for urban streams during the dry season (Leopold 1968, Klein 1979). 
Altered urban hydrology results in wider and steeper, or incised, channels (Wolman 
1967;Couglin et al. 1971; Hammer 1972) where streams can average up to twice the width of 
rural streams (Klein 1979; Pizzuto et al. 2000; Hession et al. 2003).  Flashy flows result in 
more floods that damage streamside properties when stream banks begin to scour and slump.  
Erosion worsens if the riparian vegetation has been removed, which is true for a large 
number of streams in the United States (Nelson and Booth 2002).  
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Wider and steeper channels can have a detrimental effect on stream habitat. Water 
temperatures increase as a result of reduced shade, water depth, and groundwater input 
(Klein 1979; Fitzpatrick et al. 2005).  A 28-year study demonstrated that taxa richness 
decreases with percent urban cover (Pollock and Benke 2005).  Changes in hydrology 
associated with increases in impervious cover create riparian “hydrologic drought” by 
lowering water tables, which in turn alters soil, vegetation, and microbial processes 
(Groffman et al. 2004).  The eroding streambanks of enlarging channels liberate sediment 
leading to impaired water quality and contributing to non-point source pollution (Quinn et al. 
1997).  These hydrologic and subsequent geomorphic changes alter the hydraulic dynamics 
of channels and disrupt ecological processes from filter-feeding organisms (Hart and Finelli 
1999) to carbon processing and nutrient cycling (Jones and Mulholland 2000).   
Streiner and Loomis (1995) conclude that the impact of urbanization on streams is not 
only environmental but economic as well.  Their study examined California's Department of 
Water Resources (DWR) Urban Streams Restoration Program (USRP) and determined that 
property prices were $4,500 to $19,000 higher in areas with restored streams due to 
stabilizing banks and the presence of land for public access trails. The conclusions of this 
study, however, are biased by the possibility that urban stream restoration projects are more 
likely to take place in expensive neighborhoods. 
RIVER RESTORATION: REVERSING THE IMPACTS OF IMPERVIOUSNESS? 
The effects of urbanization on streams are not easy to remedy.  The EPA has recently 
implemented stricter standards for control of stormwater runoff as part of Phase II of the 
National Pollutant Discharge Elimination System (FWPCA 2002). Local governments have 
enacted their own regulations to address the negative effects of urbanization.  These controls, 
however, have not kept up with the rate of urban stream degradation (Palmer and Allen 
2006). 
The current urban stream restoration effort has grown out of the need for more active 
interventions to address the degradation of urban waterways.  Consequently, interest in river 
restoration has grown enormously in recent years (Kondolf 1996; Palmer et al. 2006). A 
study in 2005 (Bernhardt et al.) developed a comprehensive database of  more than 37,000 
river restoration projects across the United States and showed that since 1990 funding for 
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river restoration projects has increased exponentially with annual spending for restoration 
projects exceeding a billion dollars.   
Although the urban stream restoration effort has grown significantly, many 
restoration projects fail: stream banks collapse, channel reconfiguration projects are buried in 
sediment, and flood waters flow over river banks (Palmer and Allen 2006).  The United 
States has spent billions of dollars on river restoration projects but when these projects fail, 
the cost of the project is not recovered.  The condition of some urban watersheds continues to 
decline despite thousands of stream and river restoration projects.  A major component of 
this failure is the lack of monitoring of river restoration projects, and the attendant feedback 
that might improve restoration technology. 
Although billions of dollars have being spent on river restoration there has been little 
effort put towards post project assessments (PPAs) of these projects.  Bernhardt et al. (2005) 
assert that only 10% of river restoration projects include any form of monitoring.  More well 
documented and easily available monitoring studies are necessary to improve the practice of 
stream restoration (Kondolf and Micheli 1995; Hobbs and Harris 2001).      
Proposition 84, approved by California voters in 2006, provided $18 million for urban 
stream restoration projects (SC 2006). These funds, and past funds from Propositions 13 and 
40, are managed on a grant basis by the USRP (USRP 2007).  Few restoration projects in 
California have been subject to objective post-project evaluation (Kondolf et al. 2001).  Of 
the projects that have been monitored minimal data have been compiled or analyzed to 
improve subsequent stream restoration designs (Bernhardt et al. 2005).  The failure to 
monitor restoration projects is a trend that must be reversed for river restoration to play a 
more effective role in curing the “urban stream syndrome.” 
MONITORING STREAM RESTORATION: A POLICY PERSPECTIVE 
Until the 1970s stream restoration projects were largely funded by the federal 
government and implemented by the United States Army Corps of Engineers (USACOE) for 
the purpose of flood management.  This early period resulted in the channelization of many 
waterways.  It wasn’t until the 1970s that the USACOE relinquished control over urban 
waterway management (Riley 1998) when the mandates of the Clean Water Act gave the 
United States Environmental Protection Agency (EPA) the responsibility of managing water 
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quality in urban streams.  However, over the past 15 years, state and local governments and 
citizen groups have been the key players in the movement to improve urban water quality 
and erosion problems through urban stream restoration projects (Battiata 2005).   
The urban stream restoration landscape consists of a diverse array of stakeholders.  In 
California, the DWR manages grant based funding for urban stream restoration projects 
through its USRP.  These projects are subject to the jurisdiction of several federal, state, and 
local agencies (USRP 2007).  Federal agencies include the USACOE, Natural Resources 
Conservation Service, Federal Emergency Management Agency (FEMA), and the U.S. Fish 
and Wildlife Service.  State agencies include the Department of Fish and Game (DFG), 
Regional Water Quality Control Board (RWQCB), State Water Resources Control Board 
(SWRCB), and the California Coastal Commission.  Local jurisdictional agencies include 
city and county planning and environmental health departments, the most common of which 
are flood control districts and mosquito abatement agencies.  Further all projects must be in 
compliance with the California Environmental Quality Act (CEQA), the federal Clean Water 
Act (CWA), and the Endangered Species Act (ESA).  At the base of this pyramid of 
stakeholders are citizen formed watershed protection groups, numbering over 5,000 in the 
United States today.  Property owners and cities also have an important stake in urban stream 
restoration projects.  The complex matrix of stakeholders poses a challenge to urban stream 
restoration efforts because the individual stakeholders involved in a restoration project often 
hold non-uniform, and sometimes conflicting, opinions about the goals of restoration projects 
(Table 1). 
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Table 1. Generalized points of view of key agencies and stakeholders involved in urban 
stream restoration projects 
Agency/Stakeholder The primary goal of urban stream restoration projects is to: 
USRP 
1. Stabilize eroding banks 
2. Improve stream ecosystems 
3. Provide recreational, aesthetic, and educational benefits to the  
    community.  
4. Provide flood control 
USACOE/FEMA Provide flood control 
DFG  Improve aquatic habitat and passageway for fish 
SWRCB/RWQCB Improve water quality 
Flood control 
districts 
1. Provide flood control 
2. Stabilize eroding banks 
Mosquito Abatement  Reduce habitat that serves as breeding grounds for mosquitoes 
Property owners 
1. Provide flood control 
2. Stabilize eroding banks 
3. Enhance property value 
Citizen’s watershed 
groups 
1. Improve stream ecosystems 
2. Improve water quality 
3. Provide recreational, aesthetic, and educational benefits to the  
    community.  
4. Stabilize eroding banks 
Cities 
1. Provide recreational, aesthetic, and educational benefits to the  
    community. 
2. Increase economy through tourism and increased value of city-   
    owned properties 
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The USRP was initially formed to fund urban flood control projects (Denzler 2007).  
Over the past 20 years, however, urban stream restoration projects have attempted to 
implement flood control strategies that retain ecological values (NRC 1992).  These 
strategies include “natural channel design” (NCD) and numerous other practices from 
vegetating banks to installing hard structures such as vortex rock weirs.  Questions remain 
over the effectiveness of these strategies.  Several authors argue that NCD is not suitable in 
urban settings (Appendix A).  Other strategies are assumed to stabilize channels while 
increasing habitat value, but there is a lack of evidence to strongly support these claims 
(Brown 2000).  The only way to know if any of these strategies are working is to dedicate 
more effort to long-term monitoring of stream restoration projects.   
A fundamental challenge to more consistent monitoring of urban stream restoration 
projects is that no agency or stakeholder is clearly responsible for post project monitoring 
(Palmer and Allen 2006).   The USRP requires grantees to describe how long term 
monitoring will be carried out but there is no mechanism to enforce completion of 
monitoring.  A portion of the USRP grant can be dedicated to post-project monitoring but the 
structure of the grants only allow for financial support from the grant to continue for 3 years 
after the completion of the project (Denzler 2007).  This is not a suitable time period for 
determining the success of a restoration project (Kondolf and Micheli 1995).  Other 
stakeholders and jurisdictional agencies are, in most cases, not responsible for monitoring 
either.  Most of the jurisdictional agencies require evidence before a project is constructed 
that the project will not have a legislatively dictated negative impact, but PPAs are rarely 
conducted to determine whether the finished product met the requirement.  The lack of 
federal or state policies to support basic long-term monitoring is largely responsible for these 
policy failures (Palmer and Allen 2006). 
Another obstacle to more applicable monitoring studies is the lack of consistency in 
the process that relays information to decision makers and project designers for use in future 
restoration policies and designs (Bernhardt et al. 2005).  Monitoring data are critical 
component to improving urban stream restoration projects.  It is equally important that these 
data are reported to funding programs, jurisdictional agencies and project designers to 
improve the restoration effort.  Figure 1 describes how monitoring data can be used to 
improve the likelihood that a USRP project meets its stated goal(s). 
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Figure 1. Simplified description of the integral role monitoring plays in the urban 
stream restoration process 
MONITORING STREAM RESTORATION: A SCIENCE PERSPECTIVE 
Even when the infrastructure for monitoring exists the diverse set of stakeholder’s 
goals (Table 1) presents a unique challenge for accurate assessment of restoration efforts.  A 
consequence of multiple agencies funding and claiming jurisdiction over restoration projects 
is that the goals of projects vary depending on the agency-specific area of emphasis.  This 
diversity is problematic for evaluating restoration projects because clear and meaningful 
goals are necessary to properly assess restoration efforts (Giller 2005; Palmer et al. 2005).  
Although no agreed-on criteria exist to determine restoration success, many scientists have 
arrived at the consensus that river restoration projects should be held to some uniform 
ecological standard to improve the health of U.S. waterways (Appendix B).  Some authors 
advocate a greater geomorphic emphasis with respect to what is a successful river restoration 
project (Downs and Kondolf 2002).  Since the geomorphic characteristics of a river channel 
constitute the physical framework that supports the riparian and aquatic ecosystems (Gregory 
Project meets 
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 groups 
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contractors 
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Reports  
Increased project  
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et al. 1991), measures of a channel’s geomorphic condition may be a more appropriate 
indicator and practical and cost-effective solution for conducting PPAs.  When possible, 
however, additional hydrologic and ecological variables should be measured as well.   
Should the success of a restoration project always be considered from an ecological 
perspective or should we base our assessments on geomorphic variables that are the 
foundations of a healthy ecosystem?  Ecological, geomorphic, and hydrologic variables are 
interdependent.  Palmer et al. (2005) contend that river restoration infers ‘ecological’ 
restoration and should be distinguished from other types of improvement.  However, 
ecologically successful river restoration creates hydrologic, geomorphic and ecological 
conditions that improve the condition and resiliency of a river (Holling 1973).  Further, many 
projects are undertaken for aesthetic, recreational, or educational purposes.  If the goal of a 
project is to improve a social parameter it is not reasonable to consider a project a failure 
because it does not meet certain ecological or geomorphic standards.  So how can scientists 
successfully measure the success of urban river restoration projects? 
There is a clear need for a methodology that evaluates multiple parameters 
(ecological, physical, and social) of urban stream restoration projects.  Even if a project has a 
social-based goal it is important to understand the degree to which the project is meeting 
ecological and geomorphic standards so project designers can improve the integration of 
multiple project goals in future restoration efforts.   
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CHAPTER 2 
INTRODUCTION 
With urban populations expected to increase by over 60% in the next 30 years 
(UNPD 2003) widespread change in land use will have significant impacts on the ecology 
and hydrology of urban streams. Decreases in biodiversity, native plant cover, and energy 
and nutrient flows (Vitousek et al. 1997; Grimm et al. 2000; Alberti et al. 2003; Dudgeon et 
al. 2006) and fundamental changes to a stream’s hydrology and geomorphology (Wolman 
1967; Walsh 2000; Paul and Meyer 2001) result in a condition dubbed as the “urban stream 
syndrome.” Bernhardt and Palmer (2007) summed up the effect of urbanization on streams as 
“turning a functioning ecosystem into an efficient gutter.”  
In response to the pervasive degradation of urban waterways, the United States has 
invested billions of dollars into river restoration projects countrywide over the past 20 years 
(Bernhardt et al. 2005). Despite this investment, some restoration projects fail: stream banks 
collapse, channel reconfiguration projects are buried in sediment, and flood waters flow over 
river banks (Palmer and Allen 2006; Kondolf 1998). The condition of some urban watersheds 
continues to decline despite thousands of stream and river restoration projects. Decades of 
hydrogeomorphic research in urban streams (Wolman 1967; Leopold et al. 2005) has not led 
to consistently well-designed and implemented restoration. A major component of this 
disconnect is the lack of monitoring of river restoration projects, and the attendant feedback 
that might improve restoration technology (Figure 2). Of the projects that have been 
monitored minimal data have been compiled or analyzed to improve subsequent stream 
restoration designs (Kondolf and Micheli 1998; Bernhardt et al 2005). 
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Figure 2. Typical flow of information and lack of monitoring or feedback 
The scope and uniformity of data collection methods are fundamental obstacles to 
more useful monitoring studies (Palmer and Allen 2006; Kondolf 1998).  Urban river 
restoration projects commonly aim to achieve a diverse set of goals including, but not limited 
to, ecological improvement, flood control, urban community enhancement, and increased 
citizen stream stewardship (Kondolf 1996). Multi-objective projects require multi-parameter 
assessments to more completely evaluate the effectiveness of particular projects. This 
approach ensures two things: first, that a project will be held accountable for all of its stated 
goals; and second, that projects will not be falsely characterized as a failure if they do not 
meet some ecological standard but do attain flood control objectives or goals of a social 
nature. A second obstacle to conducting more relevant and useful evaluation is uniformity of 
data. When assessments are conducted using varying protocols it is difficult to compare 
results and form a consensus of how future projects can be improved.   
Through the evaluation of the California Department of Water Resources’ (DWR) 
Urban Streams Restoration Program (USRP) this study serves as a model for how these 
challenges can be addressed to ultimately improve the urban stream restoration effort. Since 
the inception of the USRP in 1985, the program has funded over 150 restoration projects 
(USRP 2007). Proposition 84, approved by California voters in 2006, provided $18 million 
for the Program to manage on a grant by grant basis (SC 2006, USRP 2007). However, 
legislative and programmatic constraints present obstacles for the program to conduct or 
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require long-term post-project appraisals, a typical challenge for many restoration programs 
in California (Kondolf et al. 2001). 
This study was designed to evaluate the progress of urban stream restoration by 
conducting post project appraisals (PPA) on a subset of multi-objective projects funded by 
the DWR’s USRP in the greater San Francisco Bay Area. These appraisals included an 
assessment of overall ecological condition, bank stability, restoration practice integrity, and a 
survey of project managers. This multi- parameter methodology was designed to answer: 
a) Did the restoration improve the overall ecological condition of the site? 
b) Is the ecological condition of the restoration site dependent on the age of the 
project?  
c) To what extent were bank stabilization efforts successful? 
d) Do ecological condition improvement and bank stability of a project depend on the 
amount of funding for the project? 
e) Is the success of restoration practices dependent on the type of practice? 
f) Have the USRP grants served as a springboard to larger more engaged efforts to be 
stewards of streams? 
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CHAPTER 3 
DESCRIPTION OF THE STUDY SITES  
Sixteen projects were assessed by the same personnel over a 3 month period from 
September through December 2007 (Table 2, Figure 3). Of the 16 restoration projects, all 
were primarily motivated by either ecological degradation, flood control, bank protection or a 
combination of these factors. Over three-quarters of the projects also stated goals of a social 
nature from public safety to education. Selected projects were completed as early as 1991 
and as recently as 2006. The surrounding conditions of the selected sites varied significantly. 
Project site conditions included placement entirely within the confines of impervious cover, 
adjacent to urban green space such as parks or school playgrounds, or at the edge of urban 
boundaries. 
 
Table 2. Study sites and project completion date 
Site 
Number Name  
Year of Project 
Completion  
1 
Alhambra Adult 
Education Center (AEC) 2006 
2 Alhambra Downtown 2002 
3 Arana 2003 
4 Baxter 2002 
5 Courtland 1992 
6 Coyote 2001 
7 Miller 2005 
8 Mission 2004 
9 Peralta 2005 
10 Petaluma 2003 
11 Pinole 1992 
12 San Francisquito 2002 
13 Santa Rosa 2004 
14 Wildcat at 23rd St. 2001 
15 Wildcat at Church Ln. 2005 
16 
Wildcat at Verde 
Elementary School 1992 
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Figure 3. Map of study site watersheds 
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CHAPTER 4 
METHODS 
To fulfill multiple objectives this study evaluated several parameters for each selected 
site including (1) overall ecological condition; (2) bank stability; (3) structural practice 
integrity and function; and (4) a survey with project managers to gauge the social impact of 
the restoration.  
PRELIMINARY DATA  
Projects were selected based on criteria including location, availability of practical 
project information, project age, and project accessibility. From the selected projects 
preliminary data collected from DWR project files included: project managers, location, cost, 
goals, blueprints, and planting design. In addition, individual watersheds were delineated 
using U.S. Geological Survey digital elevation models and GIS software. For the purpose of 
comparison, project costs were normalized by project length and the square root of the 
watershed area. The final cost numbers were adjusted to reflect inflation using the Bureau of 
Labor Statistic’s Inflation Calculator (BLS 2008).  
ASSESSING OVERALL ECOLOGICAL CONDITION: CRAM  
The California Rapid Assessment Method (CRAM) aims to quantify the overall 
condition of wetland restoration related projects in terms of ecological integrity (Collins et al. 
2006). CRAM incorporates a variety of mutually exclusive metrics to assess four equally-
weighted universal attributes of wetlands: buffer and landscape context (BL), hydrology 
(HYDRO), physical structure (PHYS), and biotic structure (BIO) (Collins et al 2006). 
CRAM scores can be used to compare unrestored sites to restored sites. Each metric is 
described by the best fit from a set of graded narratives. Each narrative for a particular metric 
corresponds to a numeric score. The score for an attribute is calculated by summing the 
narrative scores for that metric. Attribute scores are summed to give a raw site score. This 
site score is transformed into a percentage by dividing the raw score by a preset maximum 
attainable condition score. The attribute and site scores are then calculated as percentages of 
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the maximum possible scores so that a site score represents the condition of a site relative to 
an established measure of attainability. The raw score is standardized so that different 
wetland classes can be compared using the same score.  
One purpose of this study is to determine whether or not the restored sites have 
improved ecological condition as compared to pre-restoration conditions. Quantitative pre-
project site condition data were not available from DWR, so post-project conditions were 
compared to thoughtfully selected, nearby non-restored, degraded stream sites.  These 
unrestored comparison sites served as a proxy for some assumed pre-restored condition of 
the restoration site.  For each restored site an unrestored site was selected based on the site’s 
resemblance to the restored site’s pre-restoration condition as documented in the original 
Program application. CRAM assessments were conducted by the same individual(s) at each 
pair of sites according to the CRAM methodology (Collins et al. 2006) including GIS-based 
pre-assessment delineation of the assessment areas.  
BANK STABILITY: BSS  
Most restoration projects involve some form of bank stabilization, so the assessment 
of bank stability is a critical component to river restoration project monitoring. To 
specifically assess the physical integrity of stabilized banks, a modified version of Rosgen’s 
(1996) Bank Erosion Hazard Index was applied to stabilized banks within the CRAM 
delineated assessment area at restoration sites. Three field metrics were used to estimate bank 
stability at each project stabilized bank: the ratio of bank height to bankfull height, bank 
angle, and surface protection. Each metric was assigned an equal weighting and a final score 
was calculated as an average of the three metrics.  
BANKFULL IDENTIFICATION 
Both the BSS and the CRAM methodologies require bankfull identification by the 
practitioner. Although there are several indictors of bankfull stage, identifying these 
indicators can be problematic, especially in urban settings where sediment supply and flow 
regime have been significantly altered. The field indicators can be extremely difficult to 
recognize or non-existent in urban streams that are laterally confined and therefore unable to 
create a floodplain - the most robust bankfull indicator. Youthful channels present another 
obstacle to identifying bankfull.  In some restoration projects the length of time since a new 
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channel has been present may not have been sufficient for an identifiable floodplain to form. 
One alternative is to substitute a flow of a defined recurrence interval as a proxy for bankfull. 
The drawbacks to this method are: 1) improper choice of recurrence interval, 2) lack of flow 
records in urban creeks, and the additional field time is necessary to measure a complete 
stream cross-section. A third option for determining bankfull flow is to use regional curves 
developed by Dunne and Leopold (1978). Dunne and Leopold (1978) developed 
relationships for estimating channel bankfull dimensions from watershed area based on the 
finding that channel dimensions and bankfull discharges are similar for streams of a given 
drainage area within a similar geographic region. Dunne and Leopold (1978) have developed 
these relationships for the San Francisco Bay region. According to Riley (1998) the data 
from Dunne and Leopold’s (1978) regional curves for the San Francisco area are mostly from 
areas that had been influenced by urban development for a number of decades. Therefore, 
these curves account for the effects of urbanization to some degree. However, in urban 
stream systems sole reliance on regional curves is unreliable because the dimensions of 
highly urbanized systems are so drastically altered. The approach employed in this study uses 
Dunne and Leopold’s (1978) regional curves and hydrologic data from the project files as 
guides for identifying bankfull dimensions in the field. This method, while not necessarily 
reproducible between studies, was uniformly applied within this study. 
RESTORATION PRACTICES  
This component of the study protocol evaluates the performance of in-stream 
structures and other practices. Brown (2000) defines a “practice” as a component of an 
overall restoration project such as COIR matting or weirs. A modified version of Brown’s 
restoration practice methodology was used in this study. In the field each individual practice 
within the CRAM delineated assessment area was classified and evaluated by answering a 
series of questions that quantified the degree to which (1) the practice remained intact; (2) 
there existed unintended erosion or deposition; (3) the design was serving its functional 
purpose; and (4) that the practice was providing any intended habitat benefits. If an 
individual practice type was employed multiple times within an assessment area, the average 
score was recorded for the use of the practice within the assessment area.  
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ONLINE SURVEY WITH PROJECT MANAGERS  
Two primary goals of the USRP are to spur community investment in stream 
restoration projects and to cultivate societal awareness and stewardship of urban streams. An 
anonymous online survey was designed and distributed to project leaders of the 17 selected 
projects to classify the degree to which projects are meeting these goals. Project leaders 
included city engineers, non-profits collaborators, and expert community volunteers. Surveys 
were only sent to one project leader, selected for their potential for respond, for each project. 
In addition, project leaders were asked to rate restoration success in terms of flood control, 
ecological, and other social goals. 
STATISTICAL APPROACH  
An information-theoretic statistical approach was adopted (Burnham & Anderson, 
2002). Information-theoretic approaches are growing in support over traditional hypothesis 
testing approaches to statistical analysis in ecological systems (Johnson and Omland 2004). 
These approaches compare multiple working hypotheses and the relative degree to which the 
data support a range of possible explanations of the phenomena under consideration. This is 
particularly appropriate in ecological restoration analyses, where data are often sparse and 
insufficient to provide unequivocal for any single hypothesis. The approach used in this study 
assesses whether or not restoration efforts improve ecological condition by comparing 
restored and unrestored site CRAM scores.  Furthermore, if an improvement exists, the study 
assesses how this improvement varies as a function of a) project age and b) project cost. The 
analysis is accomplished using an information-theoretic approach to fit the differences in 
restored minus unrestored site CRAM scores (and BSS scores) to equations that represent a 
priori hypotheses about whether or not there is a response to the variable of interest (Table 
3).  Figure 4 illustrates these hypotheses with regards to these response variables, time and 
cost. 
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Table 3. Subsets of models compared and the relevant narrative hypothesis 
Relationship ID Name Equation Narrative  
M1a Null ∆CRAM~0 
Overall condition is independent of project 
age 
M2a Constant ∆CRAM~m 
Restored sites are in better condition than 
unrestored sites 
M3a  
Asymptotic 
improvement 
∆CRAM ~ m – exp( - k * 
AGE ) 
Restored site condition improves 
asymptotically over time to some maximum 
attainable condition 
CRAM and 
attributes scores vs. 
Project age 
M4a Spike and decay 
∆CRAM~m*exp(-
(log(AGE,k)2)) 
Restored site improves to some maximum 
attainable condition followed by a gradual 
decay in condition over time 
M1b  Null ∆CRAM~0 
Overall condition is independent of project 
cost 
M2b Constant ∆CRAM~m 
Restored sites are in the same condition as 
unrestored sites 
CRAM and 
attributes scores vs. 
Cost 
M3b  
Asymptotic 
improvement 
∆CRAM ~ m - exp( - k * 
Cost ) 
Restored site condition improves 
asymptotically with cost to some maximum 
attainable condition 
M2c Null ∆BSS~m Bank stability is independent of project age 
M3c 
Asymptotic 
improvement 
∆BSS ~ m - exp( - k * 
AGE ) 
Bank stability improves asymptotically 
with project age 
BSS vs. Project age 
M4c Spike and decay 
∆BSS~m*exp(-
(log(AGE,k)2)) 
Bank stability improves to some maximum 
condition followed by a gradual decay in 
stability over time 
M2d Null ∆BSS~m Bank stability is independent of project cost 
BSS vs. Cost 
M3d 
Asymptotic 
improvement 
∆BSS ~ m - exp( - k * 
Cost ) 
Bank stability improves asymptotically 
with project cost 
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Figure 4. Hypotheses for Models 1 through 4  
The most appropriate model for the data was selected using Akaike Information 
Criteria (AIC) (1973, cited Burnham and Anderson 2002). AIC selects the most 
parsimonious model (highest likelihood with fewest parameters) by examining the variation 
explained by each model compared with the variation in the data (Burnham and Anderson 
2002). AIC weights are used to rank models, and the model with the lowest AIC is assumed 
to be the best model given the set of candidate models.  AIC weights quantify the relative 
support for each of the models. Thus if the weight for model M1 is twice that of model M2, 
then the data are interpreted as being twice as likely to have arisen from model M1, and thus 
there is twice as much support for model M1 as a description of the environmental processes 
quantified by the data.  AIC weights from competing models add up to 1.  In the instance, 
where the “best” model may have competitors for the top rank (defined as ∆ i < 2, or 
equivalently, evidence ratios < 2.7 by Burnham and Anderson (2002)), the results are less 
conclusive, and the competing models must also be considered as a possibility.  For the 
simple case, analogous to the t-test of classical statistics, where one wished to compare two 
hypotheses where there either was a response, or there was not, then one would simply 
compared the AIC weights between models M1 and M2. Lastly, in this study the scenario 
arose in which a more complex model (i.e. more parameters) degenerated into a competing 
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simpler model.  These instances were treated as additional support for the converged-to 
simpler (lesser parameters) model (i.e. wi from complex model added to wi of the simpler 
model, represented as wi*). 
Structural practice scores and social surveys were analyzed using more traditional 
means.  The dependence of structural practice score on practice type was detected using non-
parametric (Kruskal-Wallis) techniques. Social surveys, because of the low sample size, were 
analyzed qualitatively.  
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CHAPTER 5 
RESULTS 
PRELIMINARY DATA  
Table 4 shows preliminary data obtained from project records and GIS analysis. 
Selected projects ranged from 1 to 15 years old. No projects between 7 and 14 years old 
matched the original site selection criteria for this study. The average normalized project cost 
was $450,000/km2 and ranged from $57,600 to $1,228,200/km2. 
Table 4. Preliminary data collected on projects  
Site 
Number 
Project 
Age 
(years) 
Watershed 
Area (km
2
) 
Length 
of 
Project 
(km) 
Project Cost 
(thousands 
of dollars)
 
Normalized 
Cost
1
 
(thousand of 
dollars/km
2
) 
 
Adjusted 
Cost
2 
(thousand of 
dollars/km
2
) 
1 1 37.4 0.09 195 337.4 347.1 
2 5 41.1 0.37 1650 703.6 810.9 
3 4 8.7 0.06 64 338.2 381.1 
4 5 7.1 0.24 97 149.7 172.5 
5 15 2.6 0.07 68 638.6 943.8 
6 6 110.2 0.04 122 272.4 313.9 
7 2 14.0 0.14 50 95.3 101.2 
8 3 14.1 0.88 1200 362.0 397.3 
9 2 6.9 0.18 590 1228.2 1303.7 
10 4 77.1 0.29 1250 491.6 553.2 
11 15 30.1 0.09 27 57.6 82.7 
12 5 104.9 0.05 53 109.5 126.2 
13 3 138.2 0.13 1135 736.7 792.2 
14 6 20.6 0.08 66 191.0 223.6 
15 2 20.7 0.12 280 504.6 535.7 
16 15 128.8 0.75 680 79.9 118.1 
 
1Normalized by project length and square root of watershed area 
2Adjusted for inflation  
 
OVERALL ECOLOGICAL CONDITION  
Sixteen sites were included in the model-fitting analysis. The Branciforte Creek site 
was excluded because the restoration work was largely negated by a highway construction 
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project. Of the 16 sites, 15 restored sites exceeded the overall CRAM score of the paired 
unrestored sites (Table 5, Appendix C). In comparison of restored to un-restored CRAM and 
CRAM attribute scores, the results in Table 6 indicate that for all response variables (CRAM, 
BL, etc.) the ‘constant improvement’ model, M2a, is the best of the given set of 4 candidate 
models (Figure 5). This result supports the hypothesis that the restorations increased the 
overall wetland condition. M1a, representing no improvement in ecological condition, was 
not well supported, except in the instance of BL scores. For the BL attribute, Table 6 
indicates that M2a is the best model with an Akaike weight of 0.49. However, M1a, which 
supports the idea that restoration made no difference in BL score, follows M2a rather closely. 
The combined effect models (M2a and M3a) are only 2.03 times more likely to be the best 
descriptor models (evidence ratio = 0.67/0.33), revealing a relatively high degree of 
uncertainty about whether there was improvement in BL or not. 
Table 5. CRAM results 
Site 
Number 
Site  
CRAMd
1 
BLd
2 
HYDROd
3 PHYSd4 BIOd5 
1 Alhambra AEC  0.06 0 0.14 0.13 0.08 
2 Alhambra Dwntn. 0.05 0 0.25 0.13 0.06 
3 Arana  -0.05 0 0.39 -0.25 -0.04 
4 Baxter  0.18 0.13 0.47 0.13 0.23 
5 Courtland  0.08 0 0.36 0 0.17 
6 Coyote  0.03 0 0.25 0 0.08 
7 Miller  0.1 0 0.33 0.25 0.04 
8 Mission  0.23 0.08 0.53 0.08 0.15 
9 Peralta  0.13 0 0.44 0 0.31 
10 Petaluma  0.18 0.04 0.28 0.25 0.19 
11 Pinole  0.03 0.08 0.19 0.13 0.04 
12 San Francisquito  0.1 0 0.25 0.13 0.19 
13 Santa Rosa  0.14 0 0.25 0.13 0.33 
14 Wildcat at 23rd St.  0.06 0.04 0.42 0.25 -0.08 
15 Wildcat at Church  0.02 -0.04 0.42 0.13 -0.02 
16 Wildcat at Verde  0.13 0 0.44 0.38 0.08 
1 Difference in overall CRAM scores (unrestored-restored) 
2 Difference in Buffer and Landscape Context attribute scores (unrestored-restored) 
3 Difference in Hydrology attribute scores (unrestored-restored) 
4 Difference in Physical Structure attribute scores (unrestored-restored) 
5 Difference in Biotic Structure attribute scores (unrestored-restored) 
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The results suggest that there may be a relationship between river condition and the 
time since the completion of a restoration project. M3a and M4a, representing separate 
hypotheses explaining how restorations evolve over time, cannot be discounted. In all 
instances except for PHYS scores, there is some support for either or both M3a and M4a. 
There are no circumstances where M3a or M4a exceed support for M2a. However, there is 
relatively strong support for both the idea that HYDRO scores gradually improve over time 
and that BIO scores reach some early climax and then gradually decline over time (Figure 6). 
In several cases the optimized coefficient values were such that the more complex models 
had effectively degenerated into a simpler model having fewer parameters. These situations 
were interpreted as added support for the simpler model, into which the more complex 
degenerated into (Table 6, final column).  
In comparison of models representing the hypothesized positive relationship between 
CRAM scores and project cost, the results do not suggest a relationship between the amount 
of normalized funding and CRAM scores (Table 7, Figure 6). In all cases except HYDRO 
scores, M3b degenerates to M2b lending strong support to the idea that restoration projects 
are making a difference. However, the magnitude of this improvement is not dependent on 
the dollars spent on a project. Uncertainty exists with regards to the HYDRO results where 
M2b is only 3.76 times more likely the best model than M3b (evidence ratio = 0.79/0.21).  
In summary, this analysis reveals strong support for the idea that that restoration 
projects do improve the condition of a wetland site. There is some support for hypotheses 
that restoration site condition evolves over time, but more support for the hypothesis that the 
level of success is constant (i.e. achieved more quickly than could be detected in this study, 
and constant thereafter).  The results show some support for normalized cost-dependency; 
but more support for no-relationship with regards to normalized project cost.  
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Table 6. Standard AIC table of CRAM Scores and project age (Burnham and Anderson 2002) 
 Name Model 
Number of 
Parameters 
(K) 
Log 
likelihood  AICC 
Delta 
AICC (∆i) 
Akaike  
Weight (W) 
Adjusted 
Akaike  
Weight (w*) 
M1a (null) ∆CRAM~0 1 11.89 -21.50 13.59 0.00 0.00 
M2a (constant)  ∆CRAM~m 2 20.01 -35.09 0.00 0.68 0.68 
M3a 
(asymptotic 
improvement) ∆CRAM ~ m – exp( - k * AGE ) 3 20.09 -32.18 2.91 0.16 0.16 
CRAM 
score vs. 
Project age 
M4a (spike 
and decay)  ∆CRAM~m*exp(-(log(AGE,k)2)) 3 20.12 -32.23 2.86 0.16 0.16 
M1a (null) ∆BL~0 1 26.41 -50.54 0.88 0.31 0.33 
M2a (constant)  ∆BL~1 2 28.17 -51.42 0.00 0.49 0.49 
M3a 
(asymptotic 
improvement) ∆BL ~ m - exp( - k * AGE ) 3 28.72 -49.43 1.98 0.18 0.18 
BL score 
vs. Project 
age 
M4a (spike 
and decay)  ∆BL~m*exp(-(log(AGE,k)2)) 3 26.41 -44.82 6.59 0.02 **Null 
M1a (null) ∆HYDRO~0 1 -6.13 14.55 35.39 0.00 0.00 
M2a (constant)  ∆HYDRO~m 2 12.88 -20.84 0.00 0.59 0.72 
M3a 
(asymptotic 
improvement) ∆HYDRO ~ m - exp( - k * AGE ) 3 13.71 -19.42 1.41 0.29 0.29 
HYDRO 
score vs. 
Project age 
M4a (spike 
and decay)  ∆HYDRO~m*exp(-(log(AGE,k)2)) 3 12.89 -17.77 3.06 0.13 **Constant 
M1a (null) ∆PHYS~0 1 4.72 -7.16 6.11 0.03 0.03 
M2a (constant)  ∆PHYS~m 2 9.09 -13.27 0.00 0.68 0.96 
M3a 
(asymptotic 
improvement) ∆PHYS ~ m - exp( - k * AGE ) 3 9.09 -10.19 3.08 0.15 **Constant 
PHYS 
score vs. 
Project age 
M4a (spike 
and decay)  ∆HYDRO~m*exp(-(log(AGE,k)2)) 3 9.09 -10.18 3.09 0.14 **Constant 
M1a (null) ∆BIO~0 1 6.50 -10.71 8.21 0.01 0.01 
M2a (constant)  ∆BIO~m 2 11.92 -18.92 0.00 0.67 0.67 
M3a 
(asymptotic 
improvement) ∆BIO ~ m - exp( - k * AGE ) 3 11.95 -15.89 3.02 0.15 0.15 
BIO score 
vs. Project 
age 
M4a (spike 
and decay)  ∆HYDRO~m*exp(-(log(AGE,k)2)) 3 12.06 -16.12 2.80 0.17 0.17 
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Figure 5. Scatter plots and results from model-fitting exercise for HYDRO scores vs. (a) 
project age and BIO scores vs. (b) project age  
a 
b 
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Table 7. Standard AIC table of CRAM scores and project cost (Burnham and Anderson 2002)  
 
Name Model 
Number of 
Parameters 
(K) 
Log 
likelihood  AICC 
Delta 
AICC (∆i) 
Akaike  
Weight (wi) 
Akaike  
Weight 
(wi)* 
M1b (null) ∆CRAM~0 1 11.89 -21.50 13.59 0.00 0.00 
M2b 
(constant)  ∆CRAM~m 2 20.01 -35.09 0.00 0.82 1.00 CRAM 
vs. Cost M3b 
(asymptotic 
improvement) 
∆CRAM ~ m - exp( - k * Cost 
) 3 20.01 -32.01 3.07 0.18 **Constant 
M1b (null) ∆BL~0 1 26.41 -50.54 0.88 0.35 0.35 
M2b 
(constant)  ∆BL~m 2 28.17 -51.42 0.00 0.54 0.66 BL vs. 
Cost M3b 
(asymptotic 
improvement) ∆BL ~ m - exp( - k * Cost ) 3 28.17 -48.34 3.08 0.12 **Constant 
M1b (null) ∆HYDRO~0 1 -6.13 14.55 35.39 0.00 0.00 
M2b 
(constant)  ∆HYDRO~m 2 12.88 -20.84 0.00 0.79 0.79 HYDRO 
vs. Cost M3b 
(asymptotic 
improvement) 
∆HYDRO ~ m – exp( - k * 
Cost ) 3 13.10 -18.20 2.63 0.21 0.21 
M1b (null) ∆PHYS~0 1 4.72 -7.16 6.11 0.04 0.04 
M2b 
(constant)  ∆PHYS~m 3 9.09 -13.27 0.00 0.79 0.96 PHYS 
vs. Cost M3b 
(asymptotic 
improvement) ∆PHYS ~ m - exp( - k * Cost ) 3 9.09 -10.19 3.08 0.17 **Constant 
M1b (null) ∆BIO~0 1 6.50 -10.71 8.21 0.01 0.01 
M2b 
(constant)  ∆BIO~m 2 11.92 -18.92 0.00 0.81 0.98 BIO vs. 
Cost M3b 
(asymptotic 
improvement) ∆BIO ~ m - exp( - k * Cost ) 3 11.92 -15.84 3.08 0.17 **Constant 
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Figure 6. Scatter plot and results from model-fitting exercise for CRAM scores vs. 
project cost 
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BANK STABILITY ASSESSMENT: BSS  
Bank stability assessments were conducted on all 16 included projects (Table 8, 
Appendix D). The number of banks assessed per project ranged from 1 to 3. Of all the sites 
assessed, 10 sites possessed restored banks that were in good to excellent condition. Sites in 
less than good condition were either located in urban settings where bank stabilization 
required hardscape remedies (Santa Rosa and Alhambra Downtown) or projects where 
softscape remedies were used in sites directly adjacent to open space (Pinole and Miller).  
Table 8. Study sites with BSS results  
Name  
Banks 
Assessed  
BSS Score 
(out of 4)  
Alhambra AEC  1  3.0  
Alhambra Downtown  1  2.3  
Arana  1  2.3  
Baxter  3  3.7  
Courtland  2  3.7  
Coyote  1  2.7  
Miller  3  2.3  
Mission  3  3.3  
Peralta  2  4.0  
Petaluma  2  4.0  
Pinole  1  2.3  
San Francisquito  1  3.3  
Santa Rosa  3  1.7  
Wildcat at 23rd St  1  4.0  
Wildcat at Church Ln  2  4.0  
Wildcat at Verde Sc  2  3.7  
 
In comparison of models representing the relationship between project age and bank 
stability, the strongest model supports the hypothesis that there is no relationship between 
BSS and project age (wi=0.59) (Table 9). However, nearly equivocal support exists for the 
idea that BSS gradually improves with the age of a project (wi=0.41). With regards to cost, the 
model comparison similarly demonstrates the greatest support for the hypothesis that no 
relationship exists between bank stability and cost (wi=0.61). However, the alternate 
hypothesis that BSS improves with is also well-supported (wi=0.39).  
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Table 9. AIC table for bank stability scores (BSS) (Burnham and Anderson 2002)  
 
Name Model 
Number of 
Parameters 
(K) 
Log 
likelihood  AICC 
Delta 
AICC (∆i) 
Akaike  
Weight (wi) 
Akaike 
Weight 
(wi)* 
M2c 
(constant) ∆BSS~m 2 5.20 -5.47 0.00 0.49 0.59 
M3c 
(asymptotic 
Improvement) ∆BSS ~ m - exp( - k * AGE ) 3 6.55 -5.10 0.37 0.41 0.41 
BSS vs. 
time 
M4c (spike 
and decay) ∆BSS~m*exp(-(log(AGE,k)2)) 3 5.20 -2.39 3.08 0.10 **Null 
M2d 
(constant) ∆BSS~m 2 5.20 -5.47 0.00 0.61 0.61 
BSS vs. 
Cost 
M3d 
(asymptotic 
Improvement) ∆BSS ~ m - exp( - k * Cost ) 3 6.27 -4.55 0.92 0.39 0.39 
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RESTORATION PRACTICES ASSESSMENT  
Fifty-seven individual practices were evaluated at 16 sites (Appendix E). Live fascine 
and COIR blankets were used at a majority of the projects. In general restoration practices 
served their structural and functional purposes (Table 10). Average practice scores were not 
dependent on the practice type (Kruskal-Wallis chi-squared = 8.43, df = 8, p-value = 0.39). 
All practice types scored in the good to excellent range except for root wads.  
Several trends regarding restoration practices were observed in the field. In general, 
structural practices, such as weirs, rip-rap and grade control structures, were in better 
condition at older sites than their non-structural counterparts.  Even in recently restored sites, 
some non-structural practices revealed substantial wear. Live fascine, for instance, was mostly 
successful as a means for structural and habitat improvement; however, when unmaintained 
(i.e. not watered) this practice failed.   
 
Table 10. Restoration practices scores  
Name  
Number of sites 
assessed at 
Average 
Practice Score 
(out of 4) 
Coir Fabric 12 3.5 
Coir Log 4 3.1 
Grade Control 7 3.7 
Geogrid 2 3.2 
Bank deflection weirs 3 3.8 
Live Fascine 15 3.5 
Riprap 6 3.5 
Rootwads 2 2.5 
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ONLINE SURVEY WITH PROJECT MANAGERS  
From 16 anonymous surveys, 7 respondents replied. Six primary questions were asked 
to deduce their perception of success of the stream restoration project (Table 11). Most 
managers agreed that the project has sparked some interest in more stream restoration efforts 
(71%). However, respondents were mixed as to whether the project has led to more activities 
that encourage stream stewardship activities (57%). Further, a minority of respondents agreed 
that there is actual evidence of increased stream stewardship (43%). The educational goals set 
forth by projects were not overwhelmingly successful, with only 57% of responses indicating 
educational goals of the project were met.  
With regards to flood control, most respondents agreed that the project reduced the 
magnitude and severity of flooding (71%) and the flood control goals of the project were 
either very or somewhat successful (86%). In terms of bank stabilization success and habitat 
instream habitat improvement, respondents where mixed as to whether these goals were met 
or not. Water quality goals were mostly very successful or somewhat successful (72%). Of 
three projects that intended to improve fish passage 1 was rated as successful and 2 
unsuccessful. Of the responses from 7 projects, only 1 respondent was confident that the 
restoration site had been monitored since the completion of the project.  
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Table 11. Results from online survey   
Question Responses (7 total responses) 
 
Strongly 
Agree Agree Neutral Disagree 
The project has sparked interest in more stream 
restoration efforts.  
 
1 4 2 0 
The project has led to more activities that 
encourage stream stewardship (i.e. educational 
activities and publications or community-based 
stream stewardship events). 
 
0 4 3 0 
There is evidence of increased stream 
stewardship (i.e. less trash in local creeks, 
property owners making better choices to 
protect banks, and citizens taking the initiative 
to help manage non-native vegetations). 
1 2 3 1 
The project has reduced the magnitude and 
severity of flooding. 
0 5 2 0 
Rate the success of the following possible 
project goals: 
Very 
Successful 
Somewhat 
Successful 
Not 
Successful  
Flood Management 3 3 1 
Bank Stabilization 3 1 3 
In-stream habitat Improvement 3 1 3 
Water Quality 3 2 2 
Education 1 3 3 
Aesthetic 3 2 2 
Fish Passage* 1 0 2 
 Yes No Unsure 
Has the restoration site been monitored since 
the restoration? 
1 3 3 
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SUMMARY OF RESULTS 
To varying degrees of confidence this study answered the research questions stated at 
the outset of the project (Table 12). In some instances, there is a clear explanation for why a 
project did or did not meet a specified goal.  In other cases it is more difficult to determine 
what parameters controlled the project outcome. Streams and the ecosystems they support are 
highly variable systems. Further restoration projects receive different levels of necessary 
maintenance. The ensuing discussion aims to provide a qualitative explanation of the observed 
variance of success between projects. 
Table 12. Summary of results 
Research Question Result 
Did the restoration improve the overall 
ecological condition of the site? 
 
Yes; strong support for the idea that the 
restoration projects improve overall 
ecological condition. 
 
Is the ecological condition of the 
restoration site dependent on the age of 
the project? 
 
Some support for idea that restoration 
project evolves over time. 
 
To what extent were bank stabilization 
efforts successful? 
 
Overall, stabilized banks in good condition. 
 
Do overall ecological condition 
improvement and bank stability of a 
project depend on the amount of funding 
for the project? 
 
Relatively low support for the idea that 
overall ecological condition improves with 
area and length normalized project cost. 
Some support for the idea that bank stability 
improves with project cost. 
 
Is the success of restoration practices 
dependent on the type of practice? 
 
No evidence that restoration practice 
success is dependent on the type of the 
structure. 
 
Have the USRP grants served as a 
springboard to larger more engaged 
efforts to be stewards of streams? 
Yes, in most cases. 
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CHAPTER 6 
DISCUSSION 
 
OVERALL ECOLOGICAL CONDITION 
Comparing CRAM results indicates that, in general, urban stream restoration projects 
improve stream ecology. Of the 16 projects evaluated only 1 project resulted in a lower 
CRAM score than the impacted. This result, obtained using an unrestored reach as a proxy for 
the pre-restoration condition of the restored reach, can generally be attributed to the success of 
common project goals to reduce entrenchment, stabilize banks, and increase percentage and 
diversity of native plant cover. The result that buffer and landscape context scores do not 
differ significantly is a reflection of the spatial constraints placed on restoration projects in 
urban areas.  
The results present no definitive evidence that CRAM or CRAM attribute scores 
increase with project age. This may suggest that a localized climax ecological condition is 
reached early on. Purcell (2004) obtained this same result in a long-term assessment at Baxter 
Creek in El Cerrito California. Her results showed that increases in stream condition were 
realized two-years post-restoration with a subsequent leveling off over the next 4 years. 
Purcell suggests that the impact of urbanization may limit the potential of the biotic 
community.  
The lack of long-term monitoring and maintenance at these sites limits the analysis in 
determining if stream condition improvements are realized over a longer timeframe.  These 
time constraints are a function of the funding structure of the State Legislature and most other 
grant-funded restoration projects. Generally, the grant funding only lasts for 1-2 years post-
implementation.  Without additional funding it is unlikely that the restoration site is 
continually monitored and maintained after project completion. As more restoration projects 
are undertaken, more funding must be dedicated to the maintenance of these sites, especially 
since the efforts of volunteer groups will be diminished as they are distributed among an 
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increasing number of projects.  The challenge of maintaining restoration sites is further 
compounded by the trend for interest and knowledge of a project to decrease over time, 
especially if monitoring is not funded.  
Another possible cause of diminished ecological condition through time can be 
attributed to increased urbanization or watershed alterations upstream from the project site.  If 
these conditions are left unabated, they can alter the flow regime of the stream and drive a 
restoration site back to its lower pre-restoration condition. The lack of consistent time-series 
data in this study are likely the reason the results of this study do not clearly support this trend. 
Over time, restoration sites are subject to a higher frequency and magnitude of flood events 
that result in degradation or aggradation of the stream channel. In the case of ecologically 
sensitive restorations, an attempt is made to restore systems that are robust through graded 
time (Schumm and Lichty 1965). It may be more realistic to expect these steady state systems 
to undergo a natural overall decline in condition over time in the system’s attempt to adjust to 
a drastically altered watershed. To adjust for this discrepancy, future studies assessing 
restoration projects should consider categorical comparisons based on the number of large 
hydrologic events a particular site has experienced since the completion of the post-
restoration.  
Future studies could improve upon this evaluation by using baseline data. This study 
attempts to quantify the degree to which a restoration has improved a site by assuming that the 
selected reference reach accurately represents the pre-restoration condition of the restoration 
site. In future studies it would be more effective to use a paired approach where pre-
restoration baseline data are available. The need for more baseline data underscores the 
importance of both evaluating more restoration projects with a standardized assessment 
methodology and making the results of these evaluations publicly available. 
The results do not suggest a relationship between ecological conditions and normalized 
funding. Higher project costs are likely a function of the original degraded condition of a 
restoration site, or a project may have included an acquisition component that would have 
increased costs. Therefore, restoration sites in very poor condition are going to require more 
money to restore and may be more susceptible to failures. A more degraded project site (aka 
higher costs) may be correlated with a watershed that is in a more degraded condition. Under 
these assumptions it is possible that higher cost projects attain lower improvement levels than 
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less-funded projects. In reality there is likely a tradeoff between level of funding and potential 
for restoration success; explaining the results of this study that no relationship, positive or 
negative, between funding and restoration success is evident.  
BANK STABILITY 
The BSS results demonstrate that in general, bank stability projects are mostly 
successful. Brown’s (2000) contention that stream restoration is less successful in recently 
urbanized watersheds is potentially supported by this study. A related but refined hypothesis 
arising from the results of this study is that restoration projects directly adjacent to open space 
are more subject to large scale geomorphic adjustments and subsequent bank stabilization 
failures. In these cases, there is little justification for stabilizing banks using ecologically 
sensitive strategies in areas identified as being in severe disequilibrium. Future studies should 
test the hypothesis that multi-objective restoration projects that emphasize bank stability and 
ecologically sensitive restoration and attempt to cease geomorphic adjustments in recently 
urbanized areas or in areas adjacent to highly unstable geology, are more susceptible to bank 
failure. As urban restoration projects become more widespread it may be important to 
consider this variable in the selection of restoration projects.  
Observations from this study revealed several easily-implementable factors that should 
be considered for bank stabilization success. One otherwise successful project in this study 
failed to irrigate riparian plantings, leaving banks exposed and susceptible to bank erosion. 
Projects with installed and functioning irrigation systems tended to have more stable banks, a 
function of healthy vegetative cover (Figure 7). Another factor to consider is whether a project 
plans to stabilize banks on both sides of a stream. In many cases, due to accessibility or 
funding, one failing bank was stabilized while the failing bank across the stream was left 
unstabilized (Figure 8). It is likely that the stabilized bank will continue to be subjected to 
strong erosive pressures if components of the stream system at the restoration site are left 
unstable. Future studies should focus on whether the stabilization of a single bank, where a 
creek exists between two unstable banks, serves to stabilize the system as a whole. 
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Figure 7. (a) Bare bank along Mission Creek in Fremont; (b). Irrigated along Alhambra 
at Martinez AEC 
 
 
Figure 8. (a) Restoration addresses both banks along Baxter Creek; (b) Non-native 
species cover bank opposite of restored bank at Petaluma River; (c) Unstable bank 
opposite of stabilized bank at San Francisquito Creek 
a b c 
 
 
 
 
      b a 
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RESTORATION PRACTICES 
The USRP encourages non-structural approaches, such as COIR blankets and logs, live 
fascine, and rootwads. To some degree this study supports Brown’s (2000) assertion that bank 
stabilization practices relying solely on vegetation tend to be less successful in urban settings. 
However, the results illustrate that, when used properly, non-structural practices can be just as 
effective as structural practices. Live fascines and COIR blanket (and to a lesser degree COIR 
logs) maintained similar levels of structural and functional integrity while, in general, 
providing more habitat benefit than their structural counterpart. The notable non-structural 
practice that showed a lesser degree of success was rootwads. As in this study, Brown noticed 
erosion and or failure of rootwads at several sites. Rootwads, when implemented correctly, 
have shown to be effective as a means of bank protection (Brown 2000).  Brown also noted 
that rootwads were more appropriately used in older urbanized areas subject to lesser levels of 
geomorphic adjustment. The two notable rootwad failures in this study were both 
implemented at or near urban boundaries where streams were undergoing significant 
geomorphic adjustment. It is possible that, in highly dynamic stream systems, rootwads focus 
the erosive forces on the bank that the practice is intended to protect. As Brown (2000) 
suggest, this may increase erosion of the adjacent unprotected bank. The findings in this study 
underscore the importance of more studies or compilation of knowledge to better understand 
where and how non-structural practices should be implemented.   
 
Choice of Assessment Methods 
One goal of this study was to use, and compare, a variety of rapid assessment tools for 
urban stream restoration projects.  The CRAM method proved to be an effective choice for 
evaluating urban stream restoration projects. In particular, the CRAM score incorporates 
several metrics that are commonly listed as goals of urban restoration projects such as 
improving channel stability, increasing native vegetation cover, and creating higher quality for 
wildlife. Another benefit to using the CRAM methodology is that its metrics are less sensitive 
to seasonal fluctuations (Collins et al. 2006). A more repeatable measure of overall stream 
health would involve macroinvertebrate surveys. The drawback to macroinvertebrate surveys 
is that they require significantly more time or the presence of expert personnel to carry them 
  
42 
out. A larger percentage of the population could easily participate in creek monitoring using 
the CRAM method.  
A significant drawback to both the CRAM method and to a greater degree the BSS 
method is the requirement to identify bankfull dimensions. The study originally intended to 
use regional curves as a repeatable method for identifying bankfull since it is very difficult to 
identify geomorphic bankfull in unstable urban streams. This approach was modified because 
bankfull width and depth as defined by the regional curves assume uniform channel geometry 
not present in highly entrenched systems. A repeatable method for identifying or indexing 
bankfull stage in disturbed streams would improve stream assessments and would improve 
between-operator variability.  
 
SOCIAL GOALS 
Realistic, well-articulated, physical and ecological goals should be integral to all river 
restoration projects. In particular, regardless of scale, restoration in urban settings cannot be 
thought of as a long-term solution to pervasive watershed alteration and subsequent reduction 
in ecological system function. Local planning decisions need to include new methods, 
ordinances, etc. that incorporate Low Impact Development methods for new developments, 
and incorporate urban stormwater Best Management Practices for existing developed areas, in 
order to reduce the stress on urban streams.  Scarcity of funding demands choices to be made 
regarding where to site restoration projects. In terms of long-term ecological benefit, at least 
one author has suggested we focus our restoration efforts in non-disturbed landscapes 
(Bernhardt and Palmer 2007). From a cost to environmental benefit standpoint this argument 
merits attention. In one case an unanticipated environmental “benefit” of the urban restoration 
project was the re-establishment of beaver, which caused flooding in downtown Martinez 
(Figure 9). The argument for focusing restoration efforts in undisturbed landscapes, however, 
neglects to take into account the immediate need to protect property, and provide 
environmental education and the social benefit derived from restoration projects in urban 
settings. These benefits are significant, long-lasting, and hard to measure.  
The results from the online survey demonstrate that some projects are serving a direct 
social purpose as well. The survey shows that the projects are leading to more stream 
restoration efforts and activities. Questions remain over whether the projects lead to a greater 
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sense of stream stewardship. The evidence varies from project to project. Some projects 
remain littered with trash, demonstrating that additional education and social changes is 
necessary, while others are well kempt (Figure 10). Future studies could attempt to quantify 
the degree to which projects serve a social purpose by surveying residents near the projects.  
 
 
Figure 9. Results of a beaver inhabitation in downtown Martinez at Alhambra creek 
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Figure 10. Debris at Wildcat Creek near Verde Elementary School  
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CHAPTER 7 
CONCLUSION 
Based on the CRAM results, the restoration projects generally improve stream 
conditions when compared with paired reference sites. The amount of improvement does not 
likely depend on either the project age or cost. In most cases bank stabilization efforts are 
effective, and structural and nonstructural practices serve their purpose; however, a realistic 
expectation of the lives of these practices must be adopted. Further, non-structural practices 
require short-term maintenance for successful implementation. The Program funding structure 
must evolve so as to allow for funds to be used on post-project adaptive management activities 
and performing long-term evaluation-monitoring to improve overall program performance. In 
terms of flood control, project managers mostly agree that the projects have reduced the 
incidence and magnitude of flooding. With regards to social success, the projects seem to be 
serving as a springboard for more restoration efforts and some projects successfully increase 
stream stewardship in local communities.  
The results of this study may have implications for future requirements that could be 
replaced on grant applicants. Applications could require that pre-restoration site data be 
collected using a DWR-dictated assessment method. This requirement would guarantee that 
projects could more accurately be evaluated through time. In this study, CRAM served as a 
rapid and sufficiently sensitive assessment protocol to quantify overall stream condition.  
Further, the project application could require evidence that a project be associated with a 
dedicated watershed group for maintenance and monitoring purposes.  
The study supports the conclusion of recent literature declaring the need for a unified 
approach to monitoring and subsequent adaptive management (Jansson et al. 2007). An 
attempt to provide widely available feedback from past restoration project successes and 
failures has only recently begun (Bernhardt et al. 2005). California’s commitment to stream 
restoration projects across several state agencies places the state in a position to serve as the 
model for unified stream restoration activities, and consolidating information from monitoring 
efforts. Public and non-profit groups supporting river restoration projects throughout the state 
would benefit from additional state and local funding for long-term monitoring and adaptive 
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management activities. The profound effect of building such a coalition would serve as the 
first step to improving restoration efforts within State Government while providing California 
a leadership role in the field of stream restoration. Greater success would result in increased 
support for stream restoration and a more efficient means to reach the goal of healthier urban 
waterways under the increasing pressure of population growth in urban areas.  
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APPENDIX A 
NATURAL CHANNEL DESIGN IN RIVER 
RESTORATION 
 
Natural channel design (NCD) has received widespread criticism and support despite 
its adoption as a protocol for stream restoration by governmental agencies funding restoration 
projects (Simon et al. 2005).  NCD is a common technique for restoring channel stability to a 
degraded stream based on the morphology of natural streams (Rosgen 1997; Kondolf 1998) 
and has proven to be a valuable technique in many urban projects (Morris 1999; Doll et al. 
2002; Doll et al. 2004).   
Several approaches to NCD are commonly used.  Analog approaches, or 
classification schemes, make use of historic or adjacent channel characteristics to create a 
design pattern for restoration channels (Montgomery and Buffington 1993; Rosgen 1994; 
Montgomery and Buffington 1997; Rosgen 1997).  The Rosgen stream classification, 
developed from morphological measurements of hundreds of river reaches from 1969 
through 1994 (Rosgen 2006), is the most frequently used system for river restoration projects 
(Niezgoda and Johnson 2005).  Empirical approaches, an extension of the analog approach 
(Skidmore et al. 2004), use large regional or universal data sets of hydraulic geometry 
relationships to design channels. The foundation for the empirical approach was set by 
Melton (1936) and improved upon through the work of Leopold and Maddock (1953) who 
established empirical equations relating the geometry of a stream to the bankfull discharge of 
the channel.  Analytical, or process-based, approaches are gaining popularity for stream 
restoration in urban settings (Niezgoda and Johnson 2005).  These approaches assume that 
river forms can be predicted by a finite number of factors (Watson et al. 1999).  Despite the 
robustness of this channel design approach the underlying equations behind this approach 
still rely on assumptions about variables that are defined by the analog and empirical 
approaches.  The inherent limitation of the analytical approach is the quality of the data that 
is the input to the models (Skidmore et al. 2004).  Most river restoration scientists agree that 
the best restoration designs rely on as many approaches that are applicable (Niezgoda and 
Johnson 2005); however, questions remain over the best way to achieve this integration, 
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especially in urban settings.  Some researchers question the use of NCD at all in river 
restoration (Kondolf and Micheli 1995; Simon et al. 2005). 
Studies have criticized the use of NCD as a technique for river restoration, especially 
in urban settings (Kondolf 1998; Caraco 2000; Kondolf et al. 2001; Simon et al. 2001).  One 
published forum claims that the Rosgen stream classification is useful as a tool for 
communication between river designers but criticizes the use of this method for the purpose 
of stream design (Simon et al. 2005).  Kondolf et al. (1998) acknowledge that channel 
classification can be useful as a starting point for restoration but contend that several projects 
based on natural channel classification systems have failed, reducing public support for 
stream restoration projects (Kondolf et al. 1998).  Caraco (2000) states that practices 
designed to current channel dimensions are not appropriate when major channel adjustment 
and enlargement are expected as a result of ongoing watershed urbanization.  
The criticisms of NCD have been addressed by its supporters.  Rosgen (2006) argues 
that understanding river form is critical to restoration designs.  He asserts that river processes 
are not mutually exclusive of river forms and thus, form must be considered when designing 
rivers.  Kellerhals et al. (1976) assert that river classification is necessary as a prerequisite to 
designing any river channel.  Rosgen (2006) criticizes studies that argue against the use of 
natural channel design because of failed projects (Kondolf et al. 1998) where natural channel 
design was used by untrained professionals.  
River scientists agree that the NCD effort in urban areas needs to be improved 
(Niezgoda and Johnson 2005).  NCD has been criticized as an oversimplified method for 
stream restoration (Kondolf and Micheli 1995; Downs and Kondolf 2002; Hildebrand et al. 
2005; Simon et al. 2005).  Rosgen (2006) rebuts that river restoration using a NCD 
methodology has been developed, tested, and implemented successfully for nearly four 
decades.  The unanimous conclusion from this debate is that better guidelines need to be 
developed if NCD is to be used properly in urban settings.   
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APPENDIX B 
DEFINING ECOLOGICAL GOALS FOR 
RESTORATION PROJECTS 
 
Even if there is agreement over what the goal of restoration should be, there is little 
consensus over how to measure ecological “success”.  Accepting the assumption that (a) the 
goal of restoration projects is to improve the health of U.S. waterways and (b) that this can be 
accomplished by achieving ecological goals, the Society of Ecological Restoration 
International (SER) developed guidelines for measuring ecological success.  SER (2004) 
argued that a restored ecosystem should have: (a) similar diversity and community structure 
as reference sites (b) presence of indigenous species (c) presence of functional groups 
necessary for long-term stability (d) physical capacity to sustain reproducing populations (e) 
normal ecosystem functions (f) integration with the adjacent landscapes (g) removal of 
potential threats (h) resilience to natural disturbances (i) the ability to sustain itself.  
Measuring these attributes results is a robust ecological assessment of restoration projects, 
however it is rarely practical to conduct such a thorough evaluation (Ruiz-Jaen and Aide 
2005).   For this reason most assessment methods measure the three attributes that are 
essential to long-term persistence of an ecosystem: diversity, vegetation structure, and 
ecological processes (Elmqvist et al. 2003). 
Another challenge of monitoring restoration projects that scientists must contend with 
is how to rapidly quantify the attributes essential to an ecosystem (Norris and Thoms 1999; 
Norris and Hawkins 2000).  Resh et al. (1996) note a trend towards the adoption of biological 
methods to assess river conditions.  Effects on biota are often the endpoint of  environmental 
degradation and pollution of rivers (Norris and Thoms 1999) and therefore most standardized 
methods of assessment of stream health are highly dependent on the importance of biota and 
ecological values (SWRCB 2005, Collins 2006, NCSU 2006).  Various authors have 
suggested that restoration success could be based on vegetation characteristics (Elmqvist et 
al. 2003), and that invertebrates can be an excellent indicator of improved stream health 
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(Morley and Karr 2002). Other studies recommend that restoration success be determined by 
species diversity (Reay and Norton 1999; McCoy and Mushinsky 2002), ecosystem 
processes or multiple variables to provide a more complete measure of restoration success 
(Hobbs and Norton 1996; SER 2004). 
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APPENDIX C 
INDIVIDUAL PROJECT DESCRIPTIONS, CRAM 
DATA, AND SITE OBSERVATIONS AND 
PHOTOGRAPHS 
 
Data in this section are separated by project. Each “project report” contains a 
description of the goals of the project (as described in the original application to the DWR), a 
descriptive table with basic project and assessment data, observation notes made during the 
assessment, a table with CRAM  data from the restored and unrestored sites, and photographs 
of the restoration site.  In some cases, photographs from the DWR project files were used to 
illustrate the pre-restoration site condition. Bank stability and restoration practices data are 
located in separate Appendices D and E, respectively.  
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Alhambra Creek at Martinez Adult Education Center (AEC) 
The primary goal of the Alhambra Creek project at the Martinez Adult Education 
Center was to increase the flood capacity and reduce erosion along a 125 foot reach by 
replacing failed gabions with bioengineering techniques and new channel geometry.  In 
addition the project description claimed that the restoration would enhance the surrounding 
riparian ecology and improve habitat for migrating steelhead. 
 
Assessment Name 
Alhambra at Martinez Adult 
Education Center 
Project Completion Date 2006 
Investigators Jason Maas-Baldwin 
Date November 10, 2007 
County Contra Costa 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.2 0.2 
Latitude (NAD 83) 37.9997 38.0002 
Longitude (NAD 83) -121.1397 -121.1395 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
In comparison to a 200 linear foot upstream site, the restoration site is in better 
condition than the typically degraded condition of Alhambra Creek.  The restoration did not 
enhance the buffer condition of the site.  In order to achieve this objective land committed for 
human development would need to be sacrificed.  Relative to other cities with urban creeks 
Martinez has done a decent job in maintaining the landscape connectivity by minimizing the 
number of road crossings in this general area of Alhambra Creek.  To the extent possible the 
restoration improved the stability of the channel by widening it and sloping back a bank and 
fully covering its surface with native plant species.  This improvement is not reflected in the 
CRAM evaluation for two reasons: (1) the right bank (unrestored) of the assessment area is 
still highly unstable and (2) despite the adjustment to increase the bankfull channel capacity 
the channel is still highly entrenched (although less so than the unrestored site).  The physical 
structure attribute demonstrates that the restoration enhances the key wetland functionality of 
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the restoration site, mainly a result of the increased micro and macro topographic complexity 
in comparison to the steep banks of the unrestored site.   
The biotic structure of the unrestored site is better than the unrestored site for several 
reasons.  The vegetation of the restored bank is all native and has a higher degree of 
diversity.  The restored reach has several different habitat zones.  The project claimed that 
restoration would increase the shade over the creek.  At this point, the restored reach of the 
stream is less shaded than the unrestored reach but if the plantings have a high success rate 
then the biotic structure score should increase with time.  One advantage of the location is 
that by being on an education campus there is an active group onsite to maintain new 
plantings.  Overall this is an extremely challenging reach of stream to restore due to the high 
entrenchment of the stream.  
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  Restored Unrestored 
Landscape Connectivity 8 8 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 11.0 11.0 
Buffer and 
Landscape 
Context 
Adjusted
2 45.8% 45.8% 
Water Source 6 6 
Channel Stability 6 6 
Hydrologic Conductivity 4 4 
Total
1 16 16 
Hydrology 
Adjusted
2 44.4% 44.4% 
Structural Patch Richness 3 3 
Topographic Complexity 6 3 
Total
1 9 6 
Physical 
Structure 
Adjusted
2 37.5% 25.0% 
Organic Matter Accumulation 9 9 
Plant Community 11 7 
1. Number of Plant Layers Present 3 9 
2. % Dominated by Non-native 0 6 
3. Number of Codominant 12 6 
4. % Codominant Non-native 8 9 
Interspersion and Zonation 6 6 
Vertical Biotic Structure 6 6 
Total
1 32 28 
Biotic 
Structure 
Adjusted
2 66.7% 58.3% 
Overall CRAM Score
3 
43% 49% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
 
  
61 
 
Alhambra AEC 1. Restoration site initial design (from DWR project file) 
 
 
Alhambra AEC 2. Photograph of removed failing gabions (from DWR project file) 
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Alhambra AEC 3. Irrigation in place at restoration site 
 
 
Alhambra AEC 4. Stabilized bank in good condition 
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Alhambra AEC 5. Restoration site well-marked 
 
 
Alhambra AEC 6. Unstable bank opposite of stabilized bank 
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Alhambra AEC 7. Non-native banks at unrestored site 
 
 
Alhambra AEC 8. Undercut banks at unrestored site 
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Alhambra Creek between Escobar and Main Streets 
Downtown Martinez is located in the historic floodplain of Alhambra Creek.  For 
years periodic flooding in the downtown area has caused significant economic damage. Non-
environmentally sensitive flood control measures have typically been applied to the channel 
to increase channel capacity and conveyance.  The purpose of this project was to provide for 
increased flood control, erosion control and bank stabilization primarily through native plant 
species re-vegetation. The specific goals for the 200 linear foot assessment reach between 
Main and Escobar Streets was to remove a portion of the existing “saccrete” bank 
stabilization and stabilize the bank by grading it back and planting native riparian species on 
the reduced slopes.  
 
Assessment Name 
Alhambra between Escobar and 
Main 
Project Completion Date 2002 
Investigator(s) Jason Maas-Baldwin 
Date November 11, 2007 
County Contra Costa 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.1 0.1 
Latitude (NAD 83) 38.0175 38.0165 
Longitude (NAD 83) -122.1372 -122.1353 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
In general, the restored area is in better condition than the upstream unrestored site.  
The two sites have little to no buffer zones and no landscape connectivity.  The hydrology of 
both reaches is greatly influenced by urban runoff.  Although the bank slope modification at 
the restoration site reduced the channel’s entrenchment, the channel is still highly entrenched 
and unstable.  The channel at the restoration site is even more entrenched than the unrestored 
site. It was difficult to assess the physical structure of the channel because the channel was 
flooded at the time of the assessment.  The flooding is a result of a beaver dam that was 
constructed 1 block downstream of the assessment area (within the total restoration project).  
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The dam has been in place for a year and is a subject of great controversy within the 
community.  The dam has proved to be a tourist attraction but city officials are concerned 
with the implications on flooding and the surrounding environmental damage.  The 
restoration achieved its goal of eradicating non-native plants and the native plants were 
initially successful but have struggled under the pressure of the beavers who have reduced 
the number of tall layers. 
 
  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.0 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 29.2% 29.2% 
Water Source 6 6 
Channel Stability 6 6 
Hydrologic Conductivity 4 4 
Total
1 16 16 
Hydrology 
Adjusted
2 44.4% 44.4% 
Structural Patch Richness 3 3 
Topographic Complexity 6 3 
Total
1 9 6 
Physical 
Structure 
Adjusted
2 37.5% 25.0% 
Organic Matter Accumulation 6 9 
Plant Community 12 6 
1. Number of Plant Layers Present 12 9 
2. % Dominated by Non-native 12 6 
3. Number of Codominant 12 6 
4. % Codominant Non-native 12 6 
Interspersion and Zonation 6 6 
Vertical Biotic Structure 6 6 
Total
1 30 27 
Biotic 
Structure 
Adjusted
2 62.5% 56.3% 
Overall CRAM Score
3 
43% 39% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
 
 
 
  
67 
  
Alhambra Downtown 1. Failing banks before site was restored (from DWR project file) 
 
  
Alhambra Downtown 2. Saccrete structure comprises right bank before restoration 
 
 
Alhambra Downtown 3. Saccrete removed from bank as part of restoration.  Evidence 
of beaver activity along this bank. 
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Alhambra Downtown 4. During low flow, stream is near the top of its banks because of 
downstream beaver dam 
 
 
Alhambra Downtown 5. Buffer area not increased by restoration 
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Alhambra Downtown 6. The beavers that have moved in since the restoration attract 
tourists 
 
 
Alhambra Downtown 7. The majority the restoration area is still bordered by concrete 
channel 
 
 
Alhambra Downtown 8. Restoration plantings in poor condition because of beaver 
activity 
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Alhambra Downtown 9. Picture of 6.5 foot beaver dam 1 block downstream of site 
 
  
Alhambra Downtown 10. Unrestored site channel highly incised and banks unstable 
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Alhambra Downtown 11. One bank of unrestored site dominated by non-native by ivy  
 
  
Alhambra Downtown 12. Opposite bank of unrestored site dominated by non-native 
Arundo donax (giant reed) 
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Arana Creek 
The Arana Creek Restoration project is located at Harbor High School in a highly 
urbanized watershed in Santa Cruz. The project site is immediately upstream of a recently 
constructed fish ladder. The purpose of the Arana Creek Restoration Project was to improve 
instream habitat for spawning and rearing steelhead salmon by removing existing sediment 
sources, providing native plant cover and improving channel capacity for sediment transport.  
 
Assessment Name Arana 
Project Completion Date 2003 
Investigator(s) Jason Maas-Baldwin 
Date December 1, 2007 
County Santa Cruz 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.3 0.3 
Latitude (NAD 83) 36.9838 36.9846 
Longitude (NAD 83) -121.9944 -121.9923 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restoration project at Arana Creek produced mixed results.  It cannot be 
determined from the assessment whether the project increased the quality for steelhead 
habitat improvement.  It is evident, however, that the project increased channel capacity. The 
project resulted in excessive uncovered banks composed of relatively loose soils.  Based on 
this result, it is unlikely that the project has reduced excess sediment as desired.  Further, 
despite dense alder planting along the banks, the channel is still laterally eroding.  The 
presence of the planted alders has increased the amount of shade at the site but other planted 
grass and shrub species were not observed during the assessment.  The Envirogrid cells are 
structurally sound and serving to stabilize the bank. Due to the project’s location directly 
beyond the upstream extent of a fish ladder, it was difficult to locate a reach that exhibited 
strong resemblance to the pre-project condition of the restored site. 
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  Restored Unrestored 
Landscape Connectivity 8 8 
Percent AA with Buffer 9 6 
Average Buffer Width 9 12 
Buffer Condition 3 3 
Total
1 13.2 13.0 
Buffer and 
Landscape 
Context 
Adjusted
2 55.0% 54.4% 
Water Source 6 6 
Channel Stability 9 9 
Hydrologic Conductivity 12 8 
Total
1 27 23 
Hydrology 
Adjusted
2 75.0% 63.9% 
Structural Patch Richness 3 3 
Topographic Complexity 3 9 
Total
1 6 12 
Physical 
Structure 
Adjusted
2 25.0% 50.0% 
Organic Matter Accumulation 6 6 
Plant Community 8 7 
1. Number of Plant Layers Present 9 9 
2. % Dominated by Non-native 9 9 
3. Number of Codominant 6 3 
4. % Codominant Non-native 6 6 
Interspersion and Zonation 6 6 
Vertical Biotic Structure 6 9 
Total
1 26 28 
Biotic 
Structure 
Adjusted
2 54.2% 58.3% 
Overall CRAM Score
3 
52% 57% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Arana 1. Photograph looking upstream at concrete left bank before implementation of 
project  
 
  
Arana 2. Dense upper canopy after restoration 
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Arana 3. Looking downstream at densely-lined alder banks 
 
  
Arana 4. Eroding banks before restoration project 
 
  
Arana 5. Slightly undercut banks after implementation of project  
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Arana 6. Looking upstream at unstable right bank 
 
 
  
Arana 7. Project left little vegetative cover on majority of banks 
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Arana 8. Envirogrid cells help to keep steep banks stable 
 
 
Arana 9. Point source discharges into unrestored reach directly upstream of restored 
reach 
 
 
Arana 10. Looking downstream at fallen tree along eroding, but vegetated, bank of 
unrestored reach 
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Baxter Creek 
The goal of this restoration project was to re-vegetate and stabilize a reach of Baxter 
Creek in Richmond, CA. The stream was channelized in the past causing excessive erosion 
of the banks and the need for riprap and sandbags in several locations.  This project aimed to 
restore meanders and natural cross-sectional dimensions to the channel, and use soil 
bioengineering and vegetative practices to stabilize banks.  This project also aimed to educate 
the community about the values of riparian habitat and increase stewardship of Baxter Creek. 
 
Assessment Name Baxter Creek 
Project Completion Date 2002 
Investigator(s) Jason Maas-Baldwin 
Date December 7, 2007 
County Contra Costa 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.2 NA 
Latitude (NAD 83) 37.9195 37.9313 
Longitude (NAD 83) -122.3259 -122.3143 
Type Restoration Impacted 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The Baxter Creek restoration site is in better condition than the unrestored site.  The 
channel, while not stable along all reaches, is more stable than the unrestored site.  In 
general, the restored site scored higher on ecological metrics than the unrestored site because 
of the native plantings used during the restoration.  This project could be in better condition.  
While weirs and wing deflectors are mostly stable, the channel is eroding in some spots, 
undercutting banks and destabilizing vegetation.  Further, there is little ground cover on the 
designed flood plain, indicating that smaller plantings failed.   Non-native plant species are 
recolonizing in some areas but for the most part, the planted native vegetation is alive and 
healthy.  Banks have not eroded that much from the intended form; however, the lack of 
vegetation near the channel may leave the channel susceptible to sever erosion during future 
storms. 
 
  
79 
  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 6 3 
Average Buffer Width 6 3 
Buffer Condition 6 3 
Total
1 10.0 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 41.7% 29.2% 
Water Source 6 6 
Channel Stability 6 6 
Hydrologic Conductivity 12 4 
Total
1 24 16 
Hydrology 
Adjusted
2 66.7% 44.4% 
Structural Patch Richness 6 3 
Topographic Complexity 6 6 
Total
1 12 9 
Physical 
Structure 
Adjusted
2 50.0% 37.5% 
Organic Matter Accumulation 9 6 
Plant Community 11 5 
1. Number of Plant Layers Present 12 9 
2. % Dominated by Non-native 12 3 
3. Number of Codominant 9 6 
4. % Codominant Non-native 12 3 
Interspersion and Zonation 9 3 
Vertical Biotic Structure 6 9 
Total
1 35 23 
Biotic 
Structure 
Adjusted
2 72.9% 47.9% 
Overall CRAM Score
3 
58% 38% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Baxter 1. Unvegetated banks before restoration 
 
 
 
Baxter 2. Upstream extent of restoration site before restoration  
 
 
Baxter 3. Looking downstream at site after restoration 
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Baxter 4. Eroding bank at restoration site 
 
 
Baxter 5. Looking downstream at tree-lined banks of restoration site 
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Baxter 6. Looking downstream at unvegetated banks of restoration site 
 
 
Baxter 7. Collapsing bank at restoration site 
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Branciforte Creek 
Branciforte Creek was not included in the formal analysis because of unique 
conditions explained below. The primary objective for the Branciforte Creek restoration 
project was to stabilize the bank of the creek at two sites where the bank had failed, and by 
doing so, prevent further property damage, reduce excess sediment from entering the stream 
and restore the riparian corridor with native vegetation.   
 
Assessment Name Branciforte Creek 
Project Completion Date 2003 
Investigator(s) Jason Maas-Baldwin 
Date December 2, 2007 
County Santa Cruz 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.3 0.3 
Latitude (NAD 83) 36.9883 36.9874 
Longitude (NAD 83) -122.01417 -122.01384 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The unrestored site is in better condition than the restored site.  However, the restored 
site was demolished by a CalTrans highway project.  CalTrans replaced ecologically 
sensitive stabilization structures with rip rap offering the following explanation: “In the creek 
areas, we’ll improve the habitat for native steelhead trout, Coho salmon and other wildlife… 
providing a natural channel bottom and native riparian plants, and stabilizing eroding creek 
banks.” At the time of assessment the banks were neither stable nor was the riparian habitat 
near the construction site in a suitable condition for wildlife. This project demonstrates that 
the success of a project depends on the siting of the project.   
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  Restored Unrestored 
Landscape Connectivity 8 8 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 11.0 11.0 
Buffer and 
Landscape 
Context 
Adjusted
2 45.8% 45.8% 
Water Source 6 6 
Channel Stability 6 6 
Hydrologic Conductivity 4 4 
Total
1 16 16 
Hydrology 
Adjusted
2 44.4% 44.4% 
Structural Patch Richness 3 6 
Topographic Complexity 6 9 
Total
1 9 15 
Physical 
Structure 
Adjusted
2 37.5% 62.5% 
Organic Matter Accumulation 6 9 
Plant Community 8 8 
1. Number of Plant Layers Present 9 9 
2. % Dominated by Non-native 12 9 
3. Number of Codominant 6 9 
4. % Codominant Non-native 6 6 
Interspersion and Zonation 6 6 
Vertical Biotic Structure 3 9 
Total
1 23 32 
Biotic 
Structure 
Adjusted
2 47.9% 66.7% 
Overall CRAM Score
3 
44% 55% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Branciforte 1. Looking upstream at dense vegetation along slumping banks before the 
restoration 
 
 
Branciforte 2. Rip-rap covers the right bank of the restoration site 
 
 
Branciforte 3. Loose sediment covers rip-rap 
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Branciforte 4. Slumping left bank at site where restoration was implemented 
 
 
Branciforte 5. Looking upstream at unrestored site 
 
 
Branciforte 6.  Looking downstream at unrestored site  
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Courtland Creek 
Courtland Creek is located in a highly urbanized watershed in Oakland, CA. The 
creek has been grossly altered as a result of filling along bank channels, destruction of native 
vegetation, introduction of non-native species, and installation of numerous underground 
culverts.  The Courtland Creek Stream Improvement/Rehabilitation Project sought to 
rehabilitate the stream to a “more or less” natural stream environment while noting that it 
would be impossible to restore the stream to its original state because of urban constraints.  
The Project consisted of restoration of three reaches.  The assessment reach showed evidence 
of downcutting, widening, and unstable banks prior to the restoration. The primary goals at 
this reach were (1) to control the down- and side-cutting by installing large rocks in the 
channel bottom and sides and (2) protect lower banks with brush matting, contour wattling 
and planting of native species. 
 
Assessment Name Courtland 
Project Completion Date 1992 
Investigator(s) Jason Maas-Baldwin 
Date September 23, 2007 
County Alameda 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.1 0.1 
Latitude (NAD 83) 37.7776 37.7791 
Longitude (NAD 83) -122.2077 -122.2061 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restored site is in better condition than the unrestored site.  The primary reasons 
for the differences in condition is that the restored site is less entrenched than the unrestored 
site and the restored site has a greater diversity of plant species and more layers dominated 
by native plant species than the unrestored site.  The restored site still reflects a low score 
relative to other restored sites, in large part due to the recolonization of non-native plant 
species.  The grade control structures are functioning as intended. Relative to the unrestored 
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site, downcutting is minimal. The wattling has delayed bank erosion but the core wattling 
infrastructure is moderately undercut in some locations.  
 
  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.0 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 29.2% 29.2% 
Water Source 6 6 
Channel Stability 6 6 
Hydrologic Conductivity 8 4 
Total
1 20 16 
Hydrology 
Adjusted
2 55.6% 44.4% 
Structural Patch Richness 3 3 
Topographic Complexity 6 6 
Total
1 9 9 
Physical 
Structure 
Adjusted
2 37.5% 37.5% 
Organic Matter Accumulation 9 6 
Plant Community 8 5 
1. Number of Plant Layers Present 9 9 
2. % Dominated by Non-native 9 3 
3. Number of Codominant 9 6 
4. % Codominant Non-native 6 3 
Interspersion and Zonation 6 3 
Vertical Biotic Structure 9 9 
Total
1 32 23 
Biotic 
Structure 
Adjusted
2 66.7% 47.9% 
Overall CRAM Score
3 
47% 40% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Courtland 1. Cross-section design 
 
 
  
Courtland 2.  Restored site still moderately entrenched but overall, stabilized leftbank 
is still in good condition 
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Courtland 3. Undercut wattles  
 
  
Courtland 4. Invasive plant species dominate site ecology  
 
 
Courtland 5.  Grade control structures functioning as intended 
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Courtland 6. Planted native California redwoods in good condition  
 
  
Courtland 7. No landscape connectivity because culverted on upstream and 
downstream extents of site 
 
  
Courtland 8. Unrestored site dominated by non-native plant species  
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Courtland 9. Highly entrenched and failing banks at unrestored site 
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Coyote Creek 
This project addressed a flood prone reach along Coyote Creek in San Jose.  The 
project sought to build an outdoor classroom on a site previously occupied by residential 
homes.  As part of the outdoor classroom project and a creek-side viewing platform, the 
project aimed to stabilize the adjacent failing stream bank while creating a variety of natural 
habitats and preserving the overall ecological integrity of the site.  These goals were 
accompanied by water resource objectives including improvement of water quality, reduction 
of erosion, and increased flood conveyance. 
 
Assessment Name Coyote Creek - San Jose 
Project Completion Date 2001 
Investigator(s) Jason Maas-Baldwin 
Date September 28, 2007 
County Santa Clara 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.23 0.22 
Latitude (NAD 83) 37.3379 37.3379 
Longitude (NAD 83) -121.8694 -121.8698 
Type Restoration Impacted 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restored site was in better condition than the unrestored site, largely because the 
restored site possessed a higher percentage of native plant species.  Bank stabilization efforts 
were moderately successful. Because of the gross entrenchment of the entire stream, it would 
be difficult to make significant hydrological or water quality improvements at the restoration 
site.  The steep bank opposite of the restoration site was not addressed but remains in visibly 
more stable condition than the restored bank.    
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  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.0 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 29.2% 29.2% 
Water Source 6 6 
Channel Stability 6 6 
Hydrologic Conductivity 4 4 
Total
1 16 16 
Hydrology 
Adjusted
2 44.4% 44.4% 
Structural Patch Richness 3 3 
Topographic Complexity 6 6 
Total
1 9 9 
Physical 
Structure 
Adjusted
2 37.5% 37.5% 
Organic Matter Accumulation 6 6 
Plant Community 9 8 
1. Number of Plant Layers Present 3 9 
2. % Dominated by Non-native 12 9 
3. Number of Codominant 9 6 
4. % Codominant Non-native 6 6 
Interspersion and Zonation 6 3 
Vertical Biotic Structure 9 9 
Total
1 30 26 
Biotic 
Structure 
Adjusted
2 62.5% 54.2% 
Overall CRAM Score
3 
43% 41% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Coyote 1. Steeply sloped bank opposite of restoration site 
 
 
Coyote 2. Looking upstream at bank stabilized during restoration project 
 
 
Coyote 3. Close up picture of bank stabilization structures 
 
  
96 
 
Coyote 4. Thin oily film covers pools within restoration site assessment area  
 
 
Coyote 5. Gazebo constructed for outdoor school as part of restoration 
 
 
Coyote 6. Undercut banks at unrestored site 
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Coyote 7. Non-native ground cover at unrestored site 
 
 
Coyote 8. Looking upstream at unrestored site 
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Miller Creek 
The goal of the Miller Creek project was to restore a 460 foot reach of Miller Creek 
by re-establishing natural meanders and geometry to the channel while stabilizing banks 
using biotechnical bank stabilization techniques. The original restoration plan submitted to 
the DWR at the proposal phase described a different project; however, storms severely 
altered the channel highlighting the need for this new approach. The new approach called for 
less alteration of channel geometry and more focus on using bioengineering techniques to 
stabilize failing banks. 
 
Assessment Name Miller Creek 
Project Completion Date 2005 
Investigator(s) Jason Maas-Baldwin 
Date December 9, 2007 
County Marin 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.3 0.3 
Latitude (NAD 83) 38.0269 38.0264 
Longitude (NAD 83) -122.5703 -122.5693 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The project improved the overall condition of the site by stabilizing some banks. 
However, stabilization of the two most unstable banks was largely unsuccessful. More 
specifically, installed rootwads along the outside of meander bends were dislodged at two 
separate sites.  Aside from the bank failures and severe entrenchment the site is in relatively 
good condition. The site is nearly adjacent to open space, explaining the relatively clear 
water and high density of visually observed macroinvertebrates. 
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  Restored Unrestored 
Landscape Connectivity 8 8 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 11.0 11.0 
Buffer and 
Landscape 
Context 
Adjusted
2 45.8% 45.8% 
Water Source 9 9 
Channel Stability 6 6 
Hydrologic Conductivity 8 4 
Total
1 23 19 
Hydrology 
Adjusted
2 63.9% 52.8% 
Structural Patch Richness 6 3 
Topographic Complexity 9 6 
Total
1 15 9 
Physical 
Structure 
Adjusted
2 62.5% 37.5% 
Organic Matter Accumulation 9 9 
Plant Community 10 8 
1. Number of Plant Layers Present 12 9 
2. % Dominated by Non-native 9 12 
3. Number of Codominant 9 6 
4. % Codominant Non-native 9 6 
Interspersion and Zonation 9 9 
Vertical Biotic Structure 9 9 
Total
1 37 35 
Biotic 
Structure 
Adjusted
2 77.1% 72.9% 
Overall CRAM Score
3 
62% 52% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Miller 1. Miller creek restoration plan 
 
 
Miller 2. Photograph showing water clarity 
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Miller 3. Slumping left bank where rootwad originally installed 
 
 
Miller 4. Highly unstable right bank where rootwad originally installed 
 
 
Miller 5. Looking downstream at right bank 
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Miller 6. Looking upstream at restoration site 
 
 
Miller 7. Installed gabions structurally sound but providing relatively little habitat 
 
 
Miller 8. Right bank of unrestored site dominated by non-native vinca 
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Mission Creek  
This project aimed to restore a 3,100 linear foot portion of Mission Creek Freemont, 
CA. The main goal of the restoration was to reduce erosion and downstream sedimentation 
within the Mission Creek watershed, as well as increase the flood conveyance of the reach. 
The project sought to accomplish these goals by restoring the fluvial geomorphic balance of 
the channel, increase flow capacity where possible, arrest vertical and lateral erosion, and 
reestablish a functional riparian corridor.  The assessment area is located in the lower reach 
of the project where the more specific goals were to stabilize eroded banks, increase the 
meandering of the creek, and develop a low flow channel and adjacent flood plain terrace by 
realigning and regrading the channel, and resloping and vegetating banks. 
 
Assessment Name Mission Creek 
Project Completion Date 2005 
Investigator(s) Jason Maas-Baldwin 
Date September 30, 2007 
County Alameda 
  Restored Restored 
Assessment Area Size 
(ha) 0.23 0.23 
Latitude (NAD 83) 37.5436 37.5440 
Longitude (NAD 83) -121.9391 -121.9390 
Type Restoration Restoration 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restoration site is in better condition than the unrestored site.  The hydrology of 
the restoration site is greatly improved due to lower entrenchment as a result of regrading 
activities. Overall, the channel is adjusting to its imposed form.  The constructed meanders 
are eroding laterally, partially a result of poor installed vegetation success. The site is not 
irrigated, and thus many planted willows did not survive.  In general, grade control structures 
are functioning as intended and providing habitat benefits. The site design provides for 
multiple moisture gradients and a fairly diverse biotic structure despite the presence of some 
non-native grasses.  Because of the relative immaturity of the restoration site, the two biggest 
questions are (1) how much further will the stream erode the imposed meanders?;  and (2) 
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will non-native vegetation establish itself or will the area return to being dominated by non-
native plant species (such as the unrestored site which is covered almost entirely in non-
native ivy species).   This project underscores the need for continued maintenance of the 
restoration site for a period of at time long enough for planted vegetation to establish itself.  
This is especially true in Mediterranean climates where grasses and saplings will die off 
during a dry summer, decreasing bank stability and allowing existing seed banks of non-
native vegetation to dominate the landscape.   
 
  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 9 3 
Average Buffer Width 6 3 
Buffer Condition 3 3 
Total
1 8.7 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 36.2% 29.2% 
Water Source 9 9 
Channel Stability 9 6 
Hydrologic Conductivity 8 4 
Total
1 26 19 
Hydrology 
Adjusted
2 72.2% 52.8% 
Structural Patch Richness 9 3 
Topographic Complexity 12 6 
Total
1 21 9 
Physical 
Structure 
Adjusted
2 87.5% 37.5% 
Organic Matter Accumulation 9 9 
Plant Community 11 7 
1. Number of Plant Layers Present 12 12 
2. % Dominated by Non-native 12 6 
3. Number of Codominant 12 6 
4. % Codominant Non-native 9 6 
Interspersion and Zonation 12 6 
Vertical Biotic Structure 6 9 
Total
1 38 31 
Biotic 
Structure 
Adjusted
2 79.2% 64.6% 
Overall CRAM Score
3 
69% 46% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Mission 1. Aerial photograph of site with general restoration plans 
 
 
Mission 2. Little vegetative cover on resloped bank (Fall 2007) 
 
 
Mission 3. Grade control structure stable (Fall 2007) 
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Misssion 4. Palm Avenue culvert before restoration (2003), after restoration in (2004) 
and current (2007) (left to right). A 10 foot water fall shown in the 2003 picture has 
been filled to slow water down and decrease erosion.  
 
Mission 5. Bank adjacent to Mission Creek Drive before restoration (2003), after 
restoration in (2004) and Spring 2007 (left to right). Eucalyptus trees were removed 
near an incised portion of the creek.  The terrace was resloped and revegetated to slow 
down the water flow. 
 
  
Mission 6. Stream near Chadbourne Elementary School before restoration (2003), after 
restoration in (2004) and Spring 2007 (left to right).  Pools and riffles were constructed 
to increase habitat. 
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Mission 7. Stream near Hopkins Soccer Field before restoration (2003), after 
restoration in (2004) and Spring 2007 (left to right).  The stream channel reconfigured 
to prevent undercutting along the fence of adjacent homes.  
 
  
Mission 8. Incised banks and non-native vegetation pervasive at unrestored site 
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Peralta Creek 
Peralta Creek is located within a highly urbanized watershed in Oakland, CA.  The 
creek is nearly completely buried underground.  A 350-foot reach of the Creek daylights at a 
neighborhood park.  Prior to the restoration this reach’s creek banks were compromised by 
failing riprap and saccrete structures resulting in instream obstructions and sediment 
deposition problems in the creek.  The vegetation of the site was dominated by non-native 
plants such as eucalyptus, acacia and Algerian ivy.  The goals of this restoration project were 
to control erosion problems and increase flood capacity by removing failing riprap and 
regrading and stabilizing the banks using soil bioengineering techniques and reshaping the 
channel bed.  This project also sought to improve wildlife habitat by removal of non-native 
plant species while improving access and aesthetic quality of the creek. 
 
Assessment Name Peralta 
Project Completion Date 2005 
Investigator(s) Jason Maas-Baldwin 
Date September 23, 2007 
County Alameda 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.1 0.1 
Latitude (NAD 83) 37.7783 37.7791 
Longitude (NAD 83) -122.2183 -122.2061 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restored site is in better condition than the unrestored site. The restoration 
activities resulted in a less entrenched hydrologic system with more stable banks.  The native 
plantings, thus far, are healthy, although site ecology is still relatively immature.  There is 
evidence that the project is being actively maintained.  The restoration reach continues to be 
littered with trash and domestic animal excrement.  A community group maintains the creek, 
but based on the litter at the site there is little evidence that the project has increased overall 
community appreciation for urban waterways. The project relied heavily on restoration 
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practices.  COIR fabric matting, boulder revetments, grade control structures, and imposed 
meanders are all serving their structural and functional purposes.  
 
  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.0 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 29.2% 29.2% 
Water Source 6 6 
Channel Stability 9 6 
Hydrologic Conductivity 8 4 
Total
1 23 16 
Hydrology 
Adjusted
2 63.9% 44.4% 
Structural Patch Richness 3 3 
Topographic Complexity 6 6 
Total
1 9 9 
Physical 
Structure 
Adjusted
2 37.5% 37.5% 
Organic Matter Accumulation 9 6 
Plant Community 12 5 
1. Number of Plant Layers Present 12 9 
2. % Dominated by Non-native 12 3 
3. Number of Codominant 12 6 
4. % Codominant Non-native 12 3 
Interspersion and Zonation 9 3 
Vertical Biotic Structure 9 9 
Total
1 39 23 
Biotic 
Structure 
Adjusted
2 81.3% 47.9% 
Overall CRAM Score
3 
53% 40% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Peralta 1. Photograph of culvert at upstream extent of restoration site (from DWR 
project files)  
 
 
Peralta 2. Most of Peralta Creek is culverted 
 
  
Peralta 3. Playground adjacent to restoration site 
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Peralta 4. Restoration site being actively maintained 
 
  
Peralta 5. Some erosion along unvegetated bank 
 
   
Peralta 6. Restoration activities attempted to reconnect stream with current floodplain 
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Peralta 7. Boulder revetments stable 
 
   
Peralta 8. High sediment loads in stream but aquatic life observed 
 
  
Peralta 9. Banks resloped and planted with native plant species 
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Peralta 10. Left bank unvegetated 
 
  
Peralta 11. High amounts of refuse in stream  
 
  
Peralta 12. Grade control structure intact and serving purpose 
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Peralta 13. Majority of stabilized bank is well-vegetated 
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Petaluma River (Grange Property Acquisition and Restoration) 
This restoration was part of the larger Petaluma River Access and Enhancement Plan. 
Flooding along the Petaluma River has caused millions of dollars in damages to urban 
properties.  The Petaluma River Access and Enhancement plan sought to alleviate the 
consequences of large storms by increasing channel capacity and reducing the amount of 
impervious surface within the river’s floodplain.  The Grange Project sought to purchase land 
adjacent to the river to convert it to open space lands for perpetuity. The project also aimed to 
enhance freshwater riparian habitat by restoring the reach with a variety of native vegetation 
and creating more riparian canopy for stream wildlife. Lastly, the project attempted to 
stabilize banks along one side of the river through the use of bioengineering techniques such 
as COIR matting and logs. 
 
Assessment Name Petaluma River - Denham Reach 
Project Completion Date 2003 
Investigator(s) Jason Maas-Baldwin 
Date September 8, 2007 
County Sonoma 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.7 0.7 
Latitude (NAD 83) 38.2616 38.4352 
Longitude (NAD 83) -122.6628 -122.7219 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
To a large extent the Petaluma River project achieved its objectives.  By purchasing 
the Grange property, the project helped achieve the purpose of overall larger Plan by 
permanently reducing a large tract of land from being converted to impervious cover in the 
future. With regards to habitat enhancement, the project was mostly successful in improving 
the abundance and diversity of native plant species throughout the restoration area.  Non-
native grasses were still present at the site but shrubs and trees were almost entirely native.  
The success of bank stabilization efforts was mixed.  Some stabilized areas are unstable and  
most of the COIR logs show evidence of some degree of undercutting. A major detractor to 
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the overall restored site score is the condition of the unrestored right bank at the restoration 
site.  The right bank is severely undercut along some stretches and covered in non-native ivy 
and blackberry species throughout.     
 
  Restored Unrestored 
Landscape Connectivity 8 8 
Percent AA with Buffer 12 12 
Average Buffer Width 3 3 
Buffer Condition 9 6 
Total
1 15.3 14.0 
Buffer and 
Landscape 
Context 
Adjusted
2 64.0% 58.3% 
Water Source 6 6 
Channel Stability 6 6 
Hydrologic Conductivity 12 4 
Total
1 24 16 
Hydrology 
Adjusted
2 66.7% 44.4% 
Structural Patch Richness 6 6 
Topographic Complexity 12 6 
Total
1 18 12 
Physical 
Structure 
Adjusted
2 75.0% 50.0% 
Organic Matter Accumulation 9 9 
Plant Community 12 9 
1. Number of Plant Layers Present 12 12 
2. % Dominated by Non-native 9 6 
3. Number of Codominant 12 9 
4. % Codominant Non-native 12 6 
Interspersion and Zonation 9 6 
Vertical Biotic Structure 9 6 
Total
1 39 30 
Biotic 
Structure 
Adjusted
2 81.3% 62.5% 
Overall CRAM Score
3 
72% 54% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Petaluma 1.  Unrestored bank at restored site stabilized by saccrete 
 
 
Petaluma 2. Aquatic vegetation and high concentration of duckweed throughout the 
restored site 
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Petaluma 3. Non-restored bank at restored site covered in non-native vegetation 
 
 
Petaluma 4. Slumping COIR log along left bank at restored right bank 
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Petaluma 5. Newly acquired property purchased largely for flood control and planted 
with native species 
 
 
Petaluma 6. Undercut bank along restored reach 
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Petaluma 7. Unrestored site dominated by non-native vegetation 
 
 
Petaluma 8. Highly erodable bank at unrestored site 
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Pinole Creek 
The reach of Pinole Creek within Pinole Creek Park possessed severely eroded banks. 
This was probably a result of overgrazing in the late 1980’s.  Several historical and 
archeological sites are located along these eroding stream banks.  The primary goal of this 
project was to protect these sites from further erosion and sediment loading into the creek, 
improve creek flows and create a safer park.  Ecological restoration was a secondary goal.  
The assessment area consists of the two sites restored during Phase I of a larger project.  
Phase I aimed to cease gully erosion by staking brush in a rapidly eroding gully, recontour 
eroding banks to a 2:1 slope, and use willow wattles to stabilize banks. 
 
Assessment Name Pinole Creek 
Project Completion Date 1991 
Investigator(s) Jason Maas-Baldwin 
Date November 3, 2007 
County Contra Costa 
  Restored Restored 
Assessment Area Size 
(ha) 0.3 0.3 
Latitude (NAD 83) 37.9793 37.9795 
Longitude (NAD 83) -122.2651 -122.2649 
Type Restoration Restoration 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restored site is in better condition than the unrestored site, mainly a result of the 
resloped bank and willow plantings.  Most of the wattles have led to some degree of willow 
recruitment which has increased the condition of the buffer zone, the micro-complexity of the 
slope and the number of native plant species.  Bank stabilization has failed at one upper-slope 
and one lower-slope repair site. Despite the slope failures, these two areas both possess more 
native vegetation than before the restoration. Two explanations for the slope failures are (1) 
the projects are relatively old (15 years) and thus, have been subject to more storm events; 
and (2) this projected is located in a highly dynamic nature watershed that is undergoing 
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drastic adjustments because of recent urbanization. The channels are filled with excess 
sediment.  
 
  Restored Unrestored 
Landscape Connectivity 8 8 
Percent AA with Buffer 12 12 
Average Buffer Width 12 12 
Buffer Condition 9 6 
Total
1 18.4 16.5 
Buffer and 
Landscape 
Context 
Adjusted
2 76.6% 68.7% 
Water Source 9 9 
Channel Stability 6 6 
Hydrologic Conductivity 8 8 
Total
1 23 23 
Hydrology 
Adjusted
2 63.9% 63.9% 
Structural Patch Richness 9 9 
Topographic Complexity 12 9 
Total
1 21 18 
Physical 
Structure 
Adjusted
2 87.5% 75.0% 
Organic Matter Accumulation 9 9 
Plant Community 11 12 
1. Number of Plant Layers Present 12 12 
2. % Dominated by Non-native 12 12 
3. Number of Codominant 12 12 
4. % Codominant Non-native 9 12 
Interspersion and Zonation 12 9 
Vertical Biotic Structure 9 9 
Total
1 41 39 
Biotic 
Structure 
Adjusted
2 85.4% 81.3% 
Overall CRAM Score
3 
78% 72% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
 
 
  
123 
 
Pinole 1. Project design 
 
  
Pinole 2. Eroding gully before gully repair (1991) 
 
  
Pinole 3. Benchmarked gully still eroding but vegetated after gully repair  
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Pinole 4. 1991 slope repair  
 
  
Pinole 5. 1991 slope repair collapsed by 2007 
 
  
Pinole 6. Lower bank slope showing signs of recent erosion 
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Pinole 7. Channel at restoration site 
 
 
  
Pinole 8.  Non-vegetated eroding gully at unrestored site.  
 
  
Pinole 10. Looking downstream at unrestored sit 
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San Francisquito Creek 
San Francisquito Creek exists within a highly urbanized and hydrologically altered 
watershed.  Increasing urbanization within the watershed has led to higher peak flow flows 
and a highly unstable channel.  Historically the river has been channelized to increase 
hydrologic conveyance.  Before the restoration the El Palo Alto Park restoration site had 
failing left and right banks and the channel and buffer areas largely consisted of non-native 
vegetation.  The goal of the restoration, completed in 2002, was to repair the left bank of the 
creek by regarding it to a 2:1 slope and using bioremediation techniques to stabilize it.  In 
addition, the project aimed to enhance native vegetation by removing non-native plant 
species.  By its location at a public park surrounding a historic California tree, the project 
hoped to draw visitors to the site and increase awareness and appreciation for local urban 
creeks.   
 
Assessment Name 
San Francisquito at El Palo Alto 
Park 
Project Completion Date 2002 
Investigator(s) Jason Maas-Baldwin 
Date October 25, 2007 
County Contra Costa 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.3 0.3 
Latitude (NAD 83) 37.4473 37.4477 
Longitude (NAD 83) -122.1695 -112.1685 
Type Restoration Unrestored 
Water flowing? Yes Yes 
Hydrologic Regime Ephemeral Ephemeral 
 
Site Observations 
The restoration site is in better condition than the unrestored site.  The unrestored site 
has hardened banks on both banks.  While this was not the pre-restoration condition of the 
restoration site, it would likely be the outcome if soft engineering methods were not 
employed on the right bank of the restoration site. The stabilized bank, while still steeply 
slope, is in stable condition, largely because of the use of COIR blankets and dense and well-
maintained vegetation.  It is difficult to predict how the restoration site will respond to flood 
  
127 
of the magnitude of 1998 because the left bank of the channel across from the restored bank 
is highly unstable, and despite the restoration, the stream is still highly entrenched. 
 
  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.0 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 29.2% 29.2% 
Water Source 6 6 
Channel Stability 6 3 
Hydrologic Conductivity 4 4 
Total
1 16 13 
Hydrology 
Adjusted
2 44.4% 36.1% 
Structural Patch Richness 3 3 
Topographic Complexity 6 3 
Total
1 9 6 
Physical 
Structure 
Adjusted
2 37.5% 25.0% 
Organic Matter Accumulation 6 6 
Plant Community 11 8 
1. Number of Plant Layers Present 9 9 
2. % Dominated by Non-native 12 9 
3. Number of Codominant 9 6 
4. % Codominant Non-native 12 6 
Interspersion and Zonation 9 6 
Vertical Biotic Structure 9 6 
Total
1 35 26 
Biotic 
Structure 
Adjusted
2 72.9% 54.2% 
Overall CRAM Score
3 
46% 36% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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San Francisquito 1. El Palo Alto tree is a historic landmark at the site where a dam was 
originally built in 1910 (photo from interpretive sign at El Palo Alto Park) 
 
  
San Francisquito 2. Flooding at site during 1998 floods (photo from interpretive sign at 
El Palo Alto Park) 
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San Francisquito 3. Stream at low flow in 2003 soon after restoration (photo from DWR 
project files) 
 
 
San Francisquito 4. Stream at high flow in 2004 soon after restoration (photo from 
DWR project files) 
 
  
San Francisquito 5. Stream at no flow in 2007  
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San Francisquito 6. Unstable left bank opposite of restored bank 
 
 
San Francisquito 7. Unstable left bank largely covered by non-native plant species 
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San Francisquito 8. Stabilized bank covered largely by native plant species 
 
 
San Francisquito 9. Unrestored site channelized  
 
 
San Francisquito 10. Large gabion system at unrestored site  
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San Francisquito 11. Unrestored site vegetation dominated by non-native Himalayan 
Blackberry 
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Santa Rosa Creek 
Trapezoidal channelization of 7 miles of Santa Rosa Creek in downtown Santa Rosa 
led to degradation of creek habitat and wildlife.  Before the restoration project vegetation was 
sparse throughout this stretch of the stream. The Santa Rosa Creek Prince Memorial 
Greenway restoration project aimed to control erosion and increase flood capacity while 
improving water quality and enhancing habitat for fish and aquatic species, birds, and 
mammals.  The project sought to achieve these objectives through the use of structural and 
non-structural such as weirs, wing deflectors, and native plantings.  
 
Assessment Name 
Santa Rosa Creek - Prince 
Memorial Greenway 
Project Completion Date 2001 
Investigator(s) Jason Maas-Baldwin 
Date September 8, 2007 
County Sonoma 
  Restored Unrestored 
Assessment Area Size 
(ha) 0.3 0.3 
Latitude (NAD 83) 38.4348 38.4352 
Longitude (NAD 83) -122.7205 -122.7219 
Type Restoration Impacted 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restoration site is in better condition than the unrestored site.  The project has 
improved the riparian habitat by removing the largely concrete channel and replacing it with 
a more natural stream ecosystem.  Thus far, the structural and non-structural restoration 
practices are in excellent condition. Non-structural practices such as vortex weirs and wing 
deflectors are not only stable but serving to create in-stream habitat, which is more abundant 
with riffles and pools throughout the restored stream. Riparian plantings are healthy and 
manufactured terraces are stable. Native-species dominate the riparian area.  The ecological 
condition of the site is limited by bilateral narrow urban constraints, necessitating the use of 
concrete walls, and by necessity, maintaining the streams disconnection from its natural 
floodplain. 
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  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 3 3 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.0 7.0 
Buffer and 
Landscape 
Context 
Adjusted
2 29.2% 29.2% 
Water Source 6 6 
Channel Stability 6 3 
Hydrologic Conductivity 4 4 
Total
1 16 13 
Hydrology 
Adjusted
2 44.4% 36.1% 
Structural Patch Richness 6 3 
Topographic Complexity 6 6 
Total
1 12 9 
Physical 
Structure 
Adjusted
2 50.0% 37.5% 
Organic Matter Accumulation 6 3 
Plant Community 12 12 
1. Number of Plant Layers Present 4 9 
2. % Dominated by Non-native 12 9 
3. Number of Codominant 12 6 
4. % Codominant Non-native 8 9 
Interspersion and Zonation 9 3 
Vertical Biotic Structure 9 6 
Total
1 36 24 
Biotic 
Structure 
Adjusted
2 75.0% 50.0% 
Overall CRAM Score
3 
50% 38% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Santa Rosa 1. Looking downstream at stable wing deflector 
 
 
Santa Rosa 2. Looking downstream at stable vortex weir 
 
 
  
136 
 
Santa Rosa 3. Stabilizing riprap at restoration site 
 
 
Santa Rosa 4. Walkway adjacent to dense vegetation at restoration site 
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Santa Rosa 5. Looking downstream at bridge crossing at downstream extent of site 
 
 
Santa Rosa 6. Looking downstream at restoration site 
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Santa Rosa 7. Non-native ivy covers bank at unrestored site 
 
 
Santa Rosa 8. Looking upstream at unrestored site concrete channel 
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Santa Rosa 9. Point source inputs into non-restored site 
 
  
140 
Wildcat Creek at 23
rd
 St.   
This project addressed a reach of Wildcat Creek located in a highly developed area of 
the City of San Pablo.  Prior to the restoration both stream banks in this reach were covered 
with concrete and fill material and vegetation consisted of mainly non-native species.  The 
goals of this project were to reduce flood damage and bank erosion; while restoring wildlife 
and fisheries habitat, as well as increasing open space and recreation opportunities.  These 
goals were to be achieved by removing debris and non-native vegetation, and installing bio-
engineering and tree planting, and construction of a flood wall and a small terraced retaining 
wall.  
 
Assessment Name Wildcat at 23rd St. Bridge 
Project Completion Date 2001 
Investigator(s) Jason Maas-Baldwin 
Date November 10, 2007 
County Contra Costa 
  Restored Restored 
Assessment Area Size 
(ha) 0.2 0.2 
Latitude (NAD 83) 37.9609 37.9602 
Longitude (NAD 83) -122.3466 -122.3412 
Type Restoration Restoration 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
Overall, this project achieved its goals.   The restored site vegetation is mostly native 
and diverse. The stabilized right bank is in excellent condition.  The left bank is regraded and 
stabilized along the downstream portion of the restoration site remains but unstable with a 
brick wall at the upstream extent of the restoration site. It is difficult to determine if the site is 
connected to its current flood plain, although the results of the project clearly demonstrate an 
intention to do so.  The site is fenced off from the public.  It is unclear whether the project is 
intended to be open to the public after the vegetation matures. COIR blankets and logs are 
intact and functioning as intended. 
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  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 6 6 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.6 7.6 
Buffer and 
Landscape 
Context 
Adjusted
2 31.5% 31.5% 
Water Source 6 12 
Channel Stability 9 6 
Hydrologic Conductivity 8 4 
Total
1 23 22 
Hydrology 
Adjusted
2 63.9% 61.1% 
Structural Patch Richness 3 3 
Topographic Complexity 9 3 
Total
1 12 6 
Physical 
Structure 
Adjusted
2 50.0% 25.0% 
Organic Matter Accumulation 6 6 
Plant Community 8 9 
1. Number of Plant Layers Present 9 12 
2. % Dominated by Non-native 12 9 
3. Number of Codominant 6 9 
4. % Codominant Non-native 6 6 
Interspersion and Zonation 6 6 
Vertical Biotic Structure 6 9 
Total
1 26 30 
Biotic 
Structure 
Adjusted
2 54.2% 62.5% 
Overall CRAM Score
3 
50% 45% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Wildcat 23
rd
 1. Pre-restoration photograph of unstable left bank 
 
 
Wildcat 23
rd
 2. Pre-restoration photograph of channel and solid concrete along left 
bank 
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Wildcat 23
rd
 3. Looking downstream at restoration site; concrete along left bank 
removed 
 
 
Wildcat 23
rd
 4. Some debris still in channel 
 
 
Wildcat 23
rd
 5. Brick upstream left bank covered in ivy (culvert removed)  
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Wildcat 23
rd
 6.  Concrete wall along unstable bank at unrestored site 
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Wildcat Creek at Church Lane 
The purpose of this project was to reduce property damage and restore environmental 
values by restoring more natural conditions and functions to a 400 foot channelized reach of 
Wildcat Creek in San Pablo. Before the restoration the right and left banks were moderately 
failing.  The project aimed to restore channel stability by altering the channel configuration 
and using bioengineering techniques to increase bank stability while increasing the value of 
habitat within the reach.   The project also proposed to increase habitat values by removing 
non-natives and planting natives with an irrigation system. 
 
Assessment Name Wildcat at Church Lane 
Project Completion Date 2005 
Investigator(s) Jason Maas-Baldwin 
Date November 10, 2007 
County Contra Costa 
  Restored Restored 
Assessment Area Size 
(ha) 0.2 0.2 
Latitude (NAD 83) 37.9582 37.9602 
Longitude (NAD 83) -122.3641 -122.3412 
Type Restoration Restoration 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
In general, this project served its purpose. The stabilized right bank is in excellent 
condition.  The left bank exhibits some signs of instability.  The habitat, as compared with 
the unrestored reach is significantly improved.  The riparian area is largely dominated by 
non-native grasses, shrubs and trees and plant diversity is greater than at the unrestored 
reach. One possible explanation for the success of the installed plant community is the 
presence of irrigation. Further, the site is adjacent to a senior community center which, 
according to the center manager, is active in maintaining the site’s native vegetation. 
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  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 3 6 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.0 7.6 
Buffer and 
Landscape 
Context 
Adjusted
2 29.2% 31.5% 
Water Source 9 12 
Channel Stability 6 6 
Hydrologic Conductivity 8 4 
Total
1 23 22 
Hydrology 
Adjusted
2 63.9% 61.1% 
Structural Patch Richness 3 3 
Topographic Complexity 6 3 
Total
1 9 6 
Physical 
Structure 
Adjusted
2 37.5% 25.0% 
Organic Matter Accumulation 6 6 
Plant Community 11 9 
1. Number of Plant Layers Present 9 12 
2. % Dominated by Non-native 12 9 
3. Number of Codominant 9 9 
4. % Codominant Non-native 12 6 
Interspersion and Zonation 6 6 
Vertical Biotic Structure 6 9 
Total
1 29 30 
Biotic 
Structure 
Adjusted
2 60.4% 62.5% 
Overall CRAM Score
3 
48% 45% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Wildcat Church 1. Pre-restoration photograph looking downstream at failing left bank  
 
  
Wildcat Church 2. Pre-restoration photograph looking upstream at failing banks 
 
  
Wildcat Church 3. Pre-restoration photograph of undercut cement bank 
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Wildcat Church 4. Undercut cement bank replaced by currently stable boulders 
 
 
Wildcat Church 5. Looking downstream at stable right bank after restoration 
 
 
Wildcat Church 6. Looking upstream at vegetation along stable banks 
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Wildcat Creek at Verde Elementary 
Wildcat Creek passes through North Richmond, a very low income minority 
community within the unincorporated area surrounded by the city of Richmond. The Creek 
has a history of flooding which has been extensive and a population with little resources to 
absorb the costs of this type of natural disaster.  This flood control project was largely 
planned by citizen opposition against a concrete channel designed by the Corp of Engineers. 
Thus, this project was largely seen as a flood control project by the Corps with the broader 
goal of creating a more natural environment by reconstructing the channel at a lower profile 
using broad terraces and revegetating and stabilizing the banks with native plant species. 
 
Assessment Name Wildcat at Verde Elementary 
Project Completion Date 1992 
Investigator(s) Jason Maas-Baldwin 
Date October 21, 2007 
County Contra Costa 
  Restored Restored 
Assessment Area Size 
(ha) 0.2 0.2 
Latitude (NAD 83) 37.9603 37.9607 
Longitude (NAD 83) -122.3641 -122.3641 
Type Restoration Restoration 
Water flowing? Yes Yes 
Hydrologic Regime Perennial Perennial 
 
Site Observations 
The restored site is in better condition than the unrestored site. Both sites have a small 
poor quality buffer.  The hydrology at the restored site is greatly improved because the 
regrading reconnected the creek to its natural floodplain (now a soccer field).   The project 
serves as a model for effective bank stabilization because the bank remains in excellent 
condition after 15 years. Because of the bank regrading, the restoration site has more slopes, 
moisture gradients, and horizontal interspersion (a major reason for the difference in scores 
from the unrestored site). The restored channel is undergoing significant adjustment as 
evidenced by the eroding low flow channel banks. The tall and medium species within the 
restoration area are mostly native but the lower layer is largely colonized by non-native 
species, as is the case with the unrestored site.  There is no evidence of site maintenance. 
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Non-native species are establishing themselves at the site and large amounts of refuse are 
present at the site.  This site does provide evidence to support the assertion that these 
restorations serve to increase citizen stewardship of urban creeks. 
 
  Restored Unrestored 
Landscape Connectivity 4 4 
Percent AA with Buffer 6 6 
Average Buffer Width 3 3 
Buffer Condition 3 3 
Total
1 7.6 7.6 
Buffer and 
Landscape 
Context 
Adjusted
2 31.5% 31.5% 
Water Source 6 12 
Channel Stability 6 6 
Hydrologic Conductivity 12 4 
Total
1 24 22 
Hydrology 
Adjusted
2 66.7% 61.1% 
Structural Patch Richness 6 3 
Topographic Complexity 9 3 
Total
1 15 6 
Physical 
Structure 
Adjusted
2 62.5% 25.0% 
Organic Matter Accumulation 6 6 
Plant Community 10 9 
1. Number of Plant Layers Present 12 12 
2. % Dominated by Non-native 9 9 
3. Number of Codominant 12 9 
4. % Codominant Non-native 6 6 
Interspersion and Zonation 9 6 
Vertical Biotic Structure 9 9 
Total
1 34 30 
Biotic 
Structure 
Adjusted
2 70.8% 62.5% 
Overall CRAM Score
3 
58% 45% 
1 Combined raw score 
2 Percent maximum possible for individual attribute 
3 Overall CRAM score calculated, as a percent maximum possible, calculated from an 
average of percent maximum possible score of each attribute 
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Wildcat Verde 1. Bank stable 15 years after being regraded  
 
  
Wildcat Verde 2. Refuse common throughout site  
 
  
Wildcat Verde 3. Channel at restoration site 
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Wildcat Verde 4. Trash in channel at restored site 
 
  
Wildcat Verde 5.  Sedimentation and undercutting along channel at restoration site 
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Wildcat Verde 6. Steep banks at unrestored site 
 
  
Wildcat Verde 7. Non-native duckweed in stream at unrestored site 
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APPENDIX D 
BANK STABILITY ASSESSMENT DATA 
 
Table 13. Bank stability assessment data 
Site Name  
Banks 
Assessed 
Bank 
Height 
Ratio 
Bank 
Angle 
Surface 
Protectio
n 
Total 
Average 
Score 
Alhambra AEC 1 1 2 3 2.0 
Alhambra Downtown 1 2 4 4 3.3 
Arana  1 4 4 2 3.3 
Baxter 3 3.7 4 3.3 3.7 
Courtland 2 4 4 3 3.7 
Coyote 1 1 3 3 2.3 
Miller 3 2 2 2 2.0 
Mission 3 4 3.3 1.7 3.0 
Peralta 2 4 4 4 4.0 
Petaluma 2 4 4 4 4.0 
Pinole 1 1 3 3 2.3 
San Francisquito 1 2 3 4 3.0 
Santa Rosa 3 2.7 3.3 3 3.0 
Wildcat at 23rd St 1 4 4 4 4.0 
Wildcat at Church Ln. 2 4 4 4 4.0 
Wildcat at Verde  2 3.5 4 3.5 3.7 
Branciforte 1 1 2 1 1.3 
  
 
 
Table 14. Bank stability assessment scoring rubric  
Parameter  Excellent (4)  Good (3)  Fair (2)  Poor (1)  
Bank Height Ratio  1.0 – 1.2  1.2 – 1.5  1.5 2.0  > 2.0  
Bank Angle (degrees)  < 60  60 - 80  80 - 90  > 90  
Surface Protection %  60 -100  40 - 60  20 - 40  < 20  
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APPENDIX E 
RESTORATION PRACTICES ASSESSMENT DATA 
Table 15. Restoration practices assessment data 
    Structural Assessment 
Functional 
Assessment 
Habitat 
Assessment  
Location 
Restoration 
Practice Type 
% 
Remaining 
Intact 
Degree of 
Intended 
Erosion or 
Deposition 
Design Serving 
Its Purpose 
Providing 
Habitat 
Benefits 
Total 
Average 
Score 
Alhambra Downtown Coir Fabric 3 3 3 4 3.33 
Alhambra Downtown Live Fascine 2 2 3 3 2.67 
Alhambra at AEC Coir Fabric 4 4 4 4 4.00 
Alhambra at AEC Brush Mattress 4 4 4 4 4.00 
Alhambra at AEC Live Fascine 4 4 4 4 4.00 
Arana Geogrid 4 4 4 3 3.67 
Arana Live Fascine 3 2 3 3 2.83 
Baxter Coir Fabric 4 4 4 4 4.00 
Baxter Brush Mattress 4 4 4 4 4.00 
Baxter Live Fascine 4 4 4 4 4.00 
Branciforte Coir Fabric 3 3 3 3 3.00 
Branciforte Riprap 4 3 3 2 2.83 
Courtland Live Fascine 3 2 3 3 2.83 
Courtland Live Fascine 3 3 3 3 3.00 
Coyote Geogrid 3 3 2 3 2.67 
Miller Coir Fabric 3 3 4 4 3.67 
Miller Wing Deflector 3 3 4 4 3.67 
Miller Brush Mattress 4 4 4 4 4.00 
Miller Riprap 3 3 3 4 3.33 
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    Structural Assessment 
Functional 
Assessment 
Habitat 
Assessment  
Location 
Restoration 
Practice Type 
% 
Remaining 
Intact 
Degree of 
Intended 
Erosion or 
Deposition 
Design Serving 
Its Purpose 
Providing 
Habitat 
Benefits 
Total 
Average 
Score 
Miller Rootwad 1 1 1 1 1.00 
Mission Coir Fabric 4 4 4 4 4.00 
Mission Coir Log 4 3 4 4 3.83 
Mission Weir 4 4 4 4 4.00 
Mission Weir 4 4 4 4 4.00 
Mission Weir 4 3 4 4 3.83 
Mission Weir 4 3 4 3 3.50 
Mission Live Fascine 3 3 3 3 3.00 
Mission Rootwad 4 4 4 4 4.00 
Peralta Brush Mattress 4 4 4 4 4.00 
Peralta Live Fascine 3 3 3 4 3.33 
Petaluma Coir Log 3 3 3 3 3.00 
Pinole Coir Fabric 2 2 2 2 2.00 
Pinole Coir Log 1 1 2 2 1.67 
Pinole Live Fascine 3 3 3 3 3.00 
Santa Rosa Coir Fabric 4 4 4 4 4.00 
Santa Rosa Coir Log 4 3 4 4 3.83 
Santa Rosa Coir Log 4 4 4 4 4.00 
Santa Rosa Weir 4 3 4 4 3.83 
Santa Rosa Weir 4 4 4 4 4.00 
Santa Rosa Wing Deflector 4 4 4 4 4.00 
Santa Rosa Wing Deflector 4 3 4 4 3.83 
Santa Rosa Riprap 4 4 4 4 4.00 
Santa Rosa Riprap 4 4 4 4 4.00 
Santa Rosa Rootwad 4 4 4 4 4.00 
Wildcat at 23rd Coir Fabric 3 3 4 4 3.67 
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    Structural Assessment 
Functional 
Assessment 
Habitat 
Assessment  
Location 
Restoration 
Practice Type 
% 
Remaining 
Intact 
Degree of 
Intended 
Erosion or 
Deposition 
Design Serving 
Its Purpose 
Providing 
Habitat 
Benefits 
Total 
Average 
Score 
Wildcat at Church Coir Fabric 4 4 4 4 4.00 
Wildcat at Church Weir 4 2 3 3 3.00 
Wildcat at Church Brush Mattress 4 4 4 4 4.00 
Wildcat at Church Live Fascine 4 4 4 4 4.00 
Wildcat at Church Riprap 4 4 4 4 4.00 
Wildcat at Verde Coir Fabric 2 2 3 3 2.67 
Wildcat at Verde Riprap 3 2 3 3 2.83 
 
 
 
Table 16. Restoration practices scoring rubric 
Score 1 2 3 4 
% Remaining intact (or living) 0-25 25-50 50-75 75-100 
Structural 
Assessment 
Degree of unintended erosion or 
deposition Significant Moderate Slight None 
Functional 
Assessment Design serving Its purpose Not at all Partially - Low Partially - High Fully 
Habitat 
Assessment Providing Habitat Benefits Not at all Partially - Low Partially - High Fully 
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APPENDIX F 
R STATISTICAL COMPUTING CODE 
 
cram<-read.csv(file.choose()) 
 
CRAM and Project Age 
#Create models, calculate AIC, calculate adjusted AIC 
lm0<-glm(CRAMd~0) 
lm1<-glm(CRAMd~1) 
lm2<-nls(CRAMd ~ m *(1- exp( - k * AGE )), start = list( m=0.1, k = 1.077), trace = TRUE) 
lm3<-nls(CRAMd ~m*exp(-(log(AGE,k)^2)),start=list(m=2,k=2)) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2), AIC(lm3) ) 
K <- c( 1, 2 , 3, 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
#plot models 
plot( AGE, CRAMd, ylim=c(-.1,.3),xlim=c(0,18), ylab="Difference in Overall CRAM Scores (Restored - 
Unrestored)",xlab="Project Age (Years)") 
xx<-seq(0,18,0.1) 
lines(xx,predict(lm1,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm2,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm3,newdata=data.frame(AGE=xx))) 
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BL and Project Age 
lm0<-glm(BLd~0) 
lm1<-glm(BLd~1) 
lm2<-nls(BLd ~ m *(1- exp( - k * AGE )), start = list( m=1, k = 1), trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2) ) 
K <- c( 1, 2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
plot( AGE, BLd, ylim=c(-.1,.3),xlim=c(0,18), ylab="Difference in Overall Buffer and Landscape Context 
Scores (Restored - Unrestored)",xlab="Project Age (Years)") 
xx<-seq(0,18,0.1) 
lines(xx,predict(lm1,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm1,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm2,newdata=data.frame(AGE=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
 
lm3<-nls(BLd ~m*exp(-(log(AGE,k)^2)),start=list(m=2,k=2)) CONVERGES TO POSITIVE ASYMPTOTE 
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Hydro and Project Age 
lm0<-glm(HYDROd~0) 
lm1<-glm(HYDROd~1) 
lm2<-nls(HYDROd ~ m *(1- exp( - k * AGE )), start = list( m=0.3, k = 1.077), trace = TRUE) 
lm3<-nls(HYDROd ~m*exp(-(log(AGE,k)^2)),start=list(m=2,k=2), trace = TRUE)  CONVEREGS TO LM1 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2), AIC(lm3) ) 
K <- c( 1, 2 , 3, 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
 
plot( AGE, HYDROd, ylim=c(-.1,.6),xlim=c(0,18), ylab="Difference in Hydrology Scores (Restored - 
Unrestored)",xlab="Project Age (Years)") 
xx<-seq(0,18,0.1) 
lines(xx,predict(lm0,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm1,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm2,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm3,newdata=data.frame(AGE=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
logLik(lm3) 
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PHYS and Project Age 
lm0<-glm(PHYSd~0) 
lm1<-glm(PHYSd~1) 
lm2<-nls(PHYSd ~ m *(1- exp( - k * AGE )), start = list( m=0.11, k = 10),algorithm = "plinear", trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2)) 
K <- c( 1, 2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
 
plot( AGE, PHYSd, ylim=c(-.1,.4),xlim=c(0,18), ylab="Difference in Physical Structure Scores (Restored - 
Unrestored)",xlab="Project Age (Years)") 
xx<-seq(0,18,0.1) 
lines(xx,predict(lm0,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm1,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm2,newdata=data.frame(AGE=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
 
lm3<-nls(PHYSd ~m*exp(-(log(AGE,k)^2)),start=list(m=2,k=2), trace = TRUE)  CONVERGES TO LM1 
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BIO and Project Age 
lm0<-glm(BIOd~0) 
lm1<-glm(BIOd~1) 
lm2<-nls(BIOd ~ m *(1- exp( - k * AGE )), start = list( m=0.1, k = 1.077), trace = TRUE) 
lm3<-nls(BIOd ~m*exp(-(log(AGE,k)^2)),start=list(m=.1,k=.01)) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2), AIC(lm3) ) 
K <- c( 1, 2 , 3, 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
 
plot( AGE, BIOd, ylim=c(-.1,.3),xlim=c(0,18), ylab="Difference in Overall Biotic Structure Scores (Restored - 
Unrestored)",xlab="Project Age (Years)") 
xx<-seq(0,18,0.1) 
lines(xx,predict(lm1,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm2,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm3,newdata=data.frame(AGE=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
logLik(lm3) 
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CRAM and Cost 
lm0<-glm(CRAMd~0) 
lm1<-glm(CRAMd~1) 
lm2<-nls(CRAMd ~ m *(1- exp( - k * Cost )), start = list( m=70, k = .1), trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2)) 
K <- c( 1, 2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
 
plot( Cost, CRAMd, ylim=c(-.1,.3),xlim=c(0,.15), ylab="Difference in Overall CRAM Scores (Restored - 
Unrestored)",xlab="Normalized Cost (dollars)") 
xx<-seq(0,.16,0.001) 
lines(xx,predict(lm0,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm1,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm2,newdata=data.frame(Cost=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
logLik(lm3) 
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BL and Cost 
lm0<-glm(BLd~0) 
lm1<-glm(BLd~1) 
lm2<-nls(BLd ~ m *(1- exp( - k * Cost )), start = list( m=1, k = 1), trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2)) 
K <- c( 1, 2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
 
plot( Cost, BLd, ylim=c(-.05,.15),xlim=c(0,.15), ylab="Difference in Buffer and Landscape Context Scores 
(Restored - Unrestored)",xlab="Normalized Cost (dollars)") 
xx<-seq(0,.16,0.001) 
lines(xx,predict(lm0,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm1,newdata=data.frame(Cost=xx))) 
 
logLik(lm0) 
logLik(lm1) 
 
degenerates to lm1 
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Hydro and Cost 
lm0<-glm(HYDROd~0) 
lm1<-glm(HYDROd~1) 
lm2<-nls(HYDROd ~ m *(1- exp( - k * Cost )), start = list( m=3, k = 2) , trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2)) 
K <- c( 1, 2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
plot( Cost, HYDROd, ylim=c(-.1,.6),xlim=c(0,.15), ylab="Difference in Hydrology Scores (Restored - 
Unrestored)",xlab="Normalized Cost (dollars)") 
xx<-seq(0,.16,0.001) 
lines(xx,predict(lm0,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm1,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm2,newdata=data.frame(Cost=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
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PHYS and Cost 
lm0<-glm(PHYSd~0) 
lm1<-glm(PHYSd~1) 
lm2<-nls(PHYSd ~ m *(1- exp( - k * Cost )), start = list( m=.03, k = 1) ,algorithm = "plinear", trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2)) 
K <- c( 1, 2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
plot( Cost, PHYSd, ylim=c(-.1,.42),xlim=c(0,.15), ylab="Difference in Physical Structure Scores (Restored - 
Unrestored)",xlab="Normalized Cost (dollars)") 
xx<-seq(0,.16,0.001) 
lines(xx,predict(lm0,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm1,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm2,newdata=data.frame(Cost=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
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BIO and Cost 
lm0<-glm(BIOd~0) 
lm1<-glm(BIOd~1) 
lm2<-nls(BIOd ~ m *(1- exp( - k * Cost )), start = list( m=.2, k = 3) ,algorithm = "plinear", trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1), AIC( lm2)) 
K <- c( 1, 2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
plot( Cost, BIOd, ylim=c(-.1,.3),xlim=c(0,.15), ylab="Difference in Biotic Structure Scores (Restored - 
Unrestored)",xlab="Normalized Cost (dollars)") 
xx<-seq(0,.16,0.001) 
lines(xx,predict(lm0,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm1,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm2,newdata=data.frame(Cost=xx))) 
 
logLik(lm0) 
logLik(lm1) 
logLik(lm2) 
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BSS and AGE 
lm0<-glm(BSS~1) 
lm1<-nls(BSS ~ m *(1- exp( - k * AGE )), start = list( m=1, k = 1), trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1)) 
K <- c(  2 ,3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
plot( AGE, BSS, ylim=c(.4,1.1),xlim=c(0,18), ylab="Bank Stability Scores ", xlab="Project Age (years)") 
xx<-seq(0,18,0.1) 
lines(xx,predict(lm0,newdata=data.frame(AGE=xx))) 
lines(xx,predict(lm1,newdata=data.frame(AGE=xx))) 
 
logLik(lm0) 
logLik(lm1) 
 
lm2<-nls(BSS ~m*exp(-(log(AGE,k)^2)),start=list(m=2,k=2)) CONVERGES TO LM0 
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BSS and Cost 
lm0<-glm(BSS~1) 
lm1<-nls(BSS ~ m *(1- exp( - k * Cost )), start = list( m=1, k = 5), trace = TRUE) 
aic <- c(AIC( lm0), AIC(lm1)) 
K <- c(  2 , 3) 
n<-16 
aicc <- aic + 2 * K * (K+1) / ( n - K - 1 ) 
aicc 
plot( Cost, BSS, ylim=c(.4,1.1),xlim=c(0,.15), ylab="Bank Stability Scores ", xlab="Normalized Cost 
(dollars)") 
xx<-seq(0,.16,0.001) 
lines(xx,predict(lm0,newdata=data.frame(Cost=xx))) 
lines(xx,predict(lm1,newdata=data.frame(Cost=xx))) 
 
logLik(lm0) 
logLik(lm1) 
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Testing for model degenration 
 
lm3<-nls(PHYSd ~ m *(1- exp( - k * AGE )), start = list( m=0.12, k = 2), trace = TRUE) 
par(mfrow=c(3,1)) 
#Quick look at the data and a rough model: 
plot(AGE,PHYSd, xlim=c(0,15)) 
lines(c(0,15),c(0,0)) 
x<-seq(0,15,0.01) 
m<-0.1 
k<-2 
lines(x, m *(1- exp( - k * x )) ,col=2) 
# A way to get our own SSE scores for particular k and m, so that we can explore the parameter space 
ourselves: 
sse <- function(m,k) {sum(( PHYSd - m *(1- exp( - k * AGE )) )^2)} 
mmin   <- 0 
mmax   <-0.4 
kstart <- 0.1 
# Start a blank plot of SSE vs parameters: 
plot(0.0001,0,xlim=c(mmin,mmax),ylim=c(0.2,0.6),xlab="m",ylab="sse") 
k <- kstart 
for(i in 1:30) { 
  mm <- c() 
  ss <- c() 
  for(m in seq(mmin,mmax,0.02)) { mm <- c(mm,m) 
    ss <- c(ss,sse(m,k))} 
  lines(mm,ss) 
  k <- k * 1.3} 
k_end <- k 
text( 0.15, 0.3, k_end ) 
text( 0.15, 0.55, kstart ) 
#Plot the best model: 
plot(AGE,PHYSd, xlim=c(0,15)) 
lines(c(0,15),c(0,0)) 
lines(x,0.125*(1-exp(-k_end*x)),col=1) 
lines(x,0.125*(1-exp(-999999999999999999999999999999*x)),col=2) 
lines(x,0.125*(1-exp(-1*x)),col=3)
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Millions of dollars have been spent on urban stream restoration projects. Relatively 
little monitoring has been conducted to help explain the varying nature of success and failure 
of these projects. The urban stream restoration effort will not advance without these data. 
Using a rapid assessment method based on uniform assessment protocols this study evaluated 
the multi-parameter success of 17 restoration projects funded by the California Department 
of Water Resources’ Urban Streams Restoration Program. The restoration projects generally 
improve stream condition compared with paired unrestored sites. The amount of 
improvement does not likely depend on either the project age or the cost of the project. In 
most cases bank stabilization efforts are effective. Structural and nonstructural restoration 
practices overwhelmingly serve their purpose.  A survey with project managers revealed that, 
in terms of flood control, most projects have reduced the incidence and magnitude of 
flooding. With regards to social success, the projects seem to be serving as a springboard for 
more restoration efforts and some projects increase stream stewardship in local communities. 
 
